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`BbQM X X X X X X X X X X X X X X X X X X X X X X X X X X k3
eXR S2F +m``2Mib Q7 i?2 /Bz2`2Mi 2H2+i`Q;`7iBM; 2tT2`BK2Mib X X X X X X X X X X X X dR
eXk _2;`2bbBQM HBM2 2``Q` +QKT`BbQM 7Q` +Tim`2 MiB#Q/v +QM+2Mi`iBQM X X X X X X d9
3XR *v+HB+ pQHiKK2i`v T2F +QKT`BbQM 7Q` i?2 +QKK2`+BH M/ ?QK2@#mBHi b2MbQ` Ne
3Xk 1H2+i`Q;`7iBM; T2F +m``2Mi /2+`2b2 +QKT`BbQM X X X X X X X X X X X X X X X X Nd
XR h2+?MB+H bT2+B}+iBQMb 7Q` i?2 ha9y9y Hb2` +miiBM; bvbi2K X X X X X X X X X X RyN
*XR S`QD2+i2/ +Qbi Q7 KMm7+im`BM;  bBM;H2 b2MbQ` X X X X X X X X X X X X X X X X X RRj
pBBB
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kXR aK2` KB+`Qb+QTv `2bmHib 7Q` h" #+i2`B +QMiBMBM; bKTH2b X X X X X X X X X X 8
kXk *2T?2B/ Jh"f_B7 bbv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e
kXj miQKi2/ KQH2+mH` /B;MQbiB+ bvbi2K X X X X X X X X X X X X X X X X X X X X X d
kX9 *QKTQM2Mib Q7 M {MBiv #b2/ #BQb2MbQ` X X X X X X X X X X X X X X X X X X X X Ry
kX8 h2biQbi2`QM2 bbv mbBM; KT2`QK2i`v X X X X X X X X X X X X X X X X X X X X X X RR
kXe _2bmHib Q7 i2biQbi2`QM2 bbv mbBM; KT2`QK2i`v X X X X X X X X X X X X X X X X Rk
kXd 6#`B+iBQM bi2Tb Q7 M AhP A6L@γ b2MbQ` X X X X X X X X X X X X X X X X X X X X Rj
kX3 6#`B+iBQM bi2Tb Q7 M AhP A6L@γ 2H2+i`Q+?2KB+H b2MbQ` rBi? KTHB}+iBQM X R9
kXN 1ah@e 2H2+i`Q+?2KB+H b2MbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X R8
kXRy aJL 2H2+i`Q+?2KB+H b2MbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re
kXRR MiB#Q/v H`2/v ii+?2/ iQ i?2 /BxQMBmK bHi #27Q`2 BKKQ#BHBbiBQM X X X X Rd
kXRk .BxQMBmK bHi `2/m+iBQM QM bm`7+2 7QHHQr2/ #v BKKQ#BHBbiBQM X X X X X X X X Rd
kXRj am++2bbBp2 +v+HB+ pQHiKK2i`v /BxQMBmK b+Mb 7Q` /Bz2`2Mi +`#QM 2H2+i`Q/2b R3
jXR hvTB+H 2tT2`BK2MiH 2H2+i`Q+?2KB+H b2imT X X X X X X X X X X X X X X X X X X X X kj
jXk 6Qm` +v+HB+ pQHiKK2i`v TQi2MiBH br22Tb X X X X X X X X X X X X X X X X X X X X k9
jXj a[m`2 rp2 pQHiKK2i`v TQi2MiBH br22T X X X X X X X X X X X X X X X X X X X X k8
jX9 hvTB+H TQi2MiBQbii +QMi`QH +B`+mBi X X X X X X X X X X X X X X X X X X X X X X X X k3
jX8 .mH T`Q+2bbQ` TQi2MiBQbii X X X X X X X X X X X X X X X X X X X X X X X X X X X X jy
jXe PT2M +B`+mBi +m``2Mi biM/`/ /2pBiBQMb MQBb2 KTHBim/2b X X X X X X X X X X X jR
jXd lMBp2`bH qB`2H2bb 1H2+i`Q+?2KB+H .2i2+iBQM X X X X X X X X X X X X X X X X X X jk
9XR 1tT2`BK2MiH /2bB;M ~Qr X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9
9Xk .`QTa2Mb b+`22M T`BMi2/ 2H2+i`Q/2 X X X X X X X X X X X X X X X X X X X X X X X X X j8
9Xj 9@KBMQ#2MxQB+ +B/ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je
9X9 .BxQMBmK bHi /2;`/iBQM Ti?rvb X X X X X X X X X X X X X X X X X X X X X X X jd
9X8 1H2+i`Q+?2KB+H ;`7iBM; QM iQ +`#QM X X X X X X X X X X X X X X X X X X X X X X X jd
9Xe *`QbbHBMFBM; #b2 +?2KB+Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3
9Xd *`QbbHBMF2` +iBpiBQM M/ BKKQ#BHBbiBQM T`QiQ+QH X X X X X X X X X X X X X X X j3
9X3 +iBpiBQM bQHmiBQM TH+2/ QM rQ`FBM; 2H2+i`Q/2 X X X X X X X X X X X X X X X X X jN
9XN JQMQ+HQMH +Tim`2 MiB#Q/v HBMF2/ iQ +`#QM X X X X X X X X X X X X X X X X X X 9y
9XRy AMi2`72`QM ;KK +Tim`2/ #v MiB#Q/v X X X X X X X X X X X X X X X X X X X X X 9R
9XRR a2+QM/`v MiB#Q/v QM BMi2`72`QM ;KK X X X X X X X X X X X X X X X X X X X X 9k
9XRk 6BMH b2MbQ` bm`7+2 +QM};m`iBQM X X X X X X X X X X X X X X X X X X X X X X X X X 9k
9XRj a2MbQ` 2H2+i`QM i`Mb72` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j
9XR9 .Bz2`2Mi +m``2Mi `2bTQMb2 7Q` aqo X X X X X X X X X X X X X X X X X X X X X X X X 99
9XR8 lM}Hi2`2/ K2bm`2/ +m``2Mi Q7 aqo `2bTQMb2 2tKTH2 X X X X X X X X X X X X X 98
9XRe 6`K2 /i mb2/ 7Q` MHvbBb Q7 aqo `2bTQMb2 2tKTH2 X X X X X X X X X X X X X 9e
9XRd 6BHi2`2/ aqo `2bTQMb2 2tKTH2 X X X X X X X X X X X X X X X X X X X X X X X X X X 9e
Bt
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9XR3 .2`BpiBp2 Q7 aqo `2bTQMb2 2tKTH2 X X X X X X X X X X X X X X X X X X X X X X X 9d
9XRN "b2HBM2 M/ mM}Hi2`2/ aqo `2bTQMb2 2tKTH2 X X X X X X X X X X X X X X X X X 9d
9Xky LQ`KHBb2/ aqo `2bTQMb2 2tKTH2 X X X X X X X X X X X X X X X X X X X X X X X X 93
8XR *HKT KQ/2H 7Q` .`QTa2Mb b2MbQ`b X X X X X X X X X X X X X X X X X X X X X X X X 8R
8Xk "BQb2MbQ` +HKT BM mb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R
8Xj S?QiQ Q7 +HKT #2BM; i2bi2/ 7Q` 2tT2`BK2MiH mb2 X X X X X X X X X X X X X X X X 8k
8X9 a2MbQ` BMi2`7+2 +QMM2+iBQM T`Q+2/m`2 X X X X X X X X X X X X X X X X X X X X X X X 8k
8X8 a2MbQ` +QMM2+iBQM bvbi2K BM +QKT`2bbBQM M/ mM+QKT`2bb2/ X X X X X X X X X X 8j
8Xe a2MbQ` +QMM2+iBQM bvbi2K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j
8Xd 1H2+i`Q/2b +mi 7`QK i?2 H`;2` MMQ}#`2 b?22i X X X X X X X X X X X X X X X X X X 89
8X3 a+MMBM; 2H2+i`QM KB+`Qb+QT2 BK;2b Q7 i?2 +mib Q7 i?2 +`#QM MMQ}#`2b X X X 88
8XN S`2T`Q+2bbBM; Q7 bBHp2` 2H2+i`Q/2b X X X X X X X X X X X X X X X X X X X X X X X X X 8e
8XRy J2iH `QHHBM; K+?BM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e
8XRR 6B`bi b2MbQ` H#2HH2/ pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d
8XRk *QKTQM2Mib Q7 }`bi b2MbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d
8XRj 6B`bi KMm7+im`2/ b2MbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83
8XR9 a2+QM/ b2MbQ` bb2K#Hv pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N
8XR8 a2+QM/ b2MbQ` Hv2`BM; T`Q+2/m`2 X X X X X X X X X X X X X X X X X X X X X X X X X 8N
8XRe a2MbQ` k bb2K#Hv T`Q+2/m`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X ey
8XRd L2p2`q2i #v _mbi@PH2mKX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
8XR3 >v/`QT?Q#B+ +QiBM; Q7 b2MbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
8XRN a2MbQ` 9 *. /2bB;M X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek
8Xky a2MbQ` 9 +QKTQM2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek
8XkR >v/`QT?Q#B+ +QiBM; Q7 b2MbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X ej
8Xkk >v/`QT?Q#B+ +QiBM; Q7 b2MbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X ej
eXR lMKQ/B}2/ .`QTa2Mb b2MbQ` +v+HB+ pQHiKKQ;`K X X X X X X X X X X X X X X X ed
eXk lMKQ/B}2/ .`QTb2Mb b[m`2 rp2 pQHiKK2i`v X X X X X X X X X X X X X X X X X e3
eXj aBM;H2 +v+H2 .`QTb2Mb +v+HB+ pQHiKKQ;`K 2H2+i`Q;`7iBM; `2bTQMb2 X X X X X X e3
eX9 6B7i22M +v+H2 .`QTb2Mb +v+HB+ pQHiKKQ;`K 2H2+i`Q;`7iBM; `2bTQMb2 X X X X X eN
eX8 *m``2Mi /Bz2`2M+2 Q7 i?2 bm++2bbBp2 T2Fb Q7 i?2 2H2+i`Q;`7iBM; X X X X X X X X dy
eXe .`QTa2Mb 2H2+i`Q;`7iBM; T2F +QKT`BbQM rBi? b[m`2 rp2 pQHiKK2i`v X X X dy
eXd .`QTa2Mb 8 KJ 72``B+vMB/2 aqo +Tim`2 MiB#Q/v pHB/iBQM X X X X X X X X dR
eX3 .`QTa2Mb 8 KJ 72``B+vMB/2 aqo +Tim`2 MiB#Q/v pHB/iBQM 7Q` irQ +QM@
+2Mi`iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk
eXN LQ`KHBb2/ aqo `2bTQMb2 7Q` /Bz2`2Mi +QM+2Mi`iBQMb Q7 i?2 +Tim`2 MiB#Q/v
BKKQ#BHBb2/ QM i?2 }#`2 bm`7+2 X X X X X X X X X X X X X X X X X X X X X X X X X X dj
eXRy aqo T2F +QKT`BbQM 7Q` /Bz2`2Mi +QM+2Mi`iBQMb Q7 i?2 +Tim`2 MiB#Q/v
BKKQ#BHBb2/ QM i?2 }#`2 bm`7+2 X X X X X X X X X X X X X X X X X X X X X X X X X X dj
eXRR .Bz2`2Mi `2;`2bbBQM HBM2b `2T`2b2MiBM; i?2 aqo T2F +m``2Mib X X X X X X X X X d9
eXRk .`QTa2Mb T`Qi2BM aqo `2bTQMb2 X X X X X X X X X X X X X X X X X X X X X X X X X d8
eXRj .`QTa2Mb T`Qi2BM aqo T2Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X d8
eXR9 .`QTa2Mb T`Qi2BM +HB#`iBQM +m`p2 X X X X X X X X X X X X X X X X X X X X X X X X de
eXR8 .`QTa2Mb >_S H#2HH2/ T`Qi2BM aqo `2bTQMb2 X X X X X X X X X X X X X X X X X X dd
eXRe .`QTa2Mb >_S H#2HH2/ T`Qi2BM aqo T2Fb X X X X X X X X X X X X X X X X X X X dd
eXRd .`QTa2Mb >_S H#2HH2/ T`Qi2BM +HB#`iBQM +m`p2 X X X X X X X X X X X X X X X X d3
eXR3 .`QTa2Mb >_S H#2HH2/ T`Qi2BM rBi? >2P2 aqo `2bTQMb2 X X X X X X X X X X X dN
eXRN .`QTa2Mb >_S H#2HH2/ T`Qi2BM rBi? >2P2 aqo T2F +m``2Mi X X X X X X X X X dN
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eXky .`QTa2Mb >_S H#2HH2/ T`Qi2BM rBi? >2P2 aqo +HB#`iBQM +m`p2 X X X X X X X 3y
eXkR .`QTa2Mb >_S H#2HH2/ T`Qi2BM rBi? >2P2 aqo T2F +m``2Mi +QKT`2/ iQ
i?2 MQ`KH 2H2+i`QHviB+ HB[mB/ X X X X X X X X X X X X X X X X X X X X X X X X X X X 3R
eXkk *QKT`BbQM Q7 aoq T2Fb Q7 b2[m2MiBH bm`7+2 KQ`T?QHQ;B2b 7Q`  T`Qi2BM
+QM+2Mi`iBQM QM R M;fKH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3R
dXR aBHp2` BQMb i`Mb72``2/ iQ i?2 /Bz2`2Mi 2H2+i`Q/2b X X X X X X X X X X X X X X X X X 39
dXk  mb2/ M/ `27m`#Bb?2/ bBHp2` 2H2+i`Q/2 +Qi2/ BM +?HQ`B/2 X X X X X X X X X X X X 38
dXj lMKQ/B}2/ b2MbQ` +v+HB+ pQHiKK2i`v `2bTQMb2 X X X X X X X X X X X X X X X X X 38
dX9 lMKQ/B}2/ b2MbQ` b[m`2 rp2 pQHiKK2i`v `2bTQMb2 X X X X X X X X X X X X X X 3e
dX8 JMm7+im`2/ b2MbQ` aqo 7`2[m2M+v BM+`2b2 `2bTQMb2 X X X X X X X X X X X X X 3e
dXe lMKQ/B}2/ b2MbQ` aqo 7`2[m2M+v +?M;2 2z2+i mM}Hi2`2/ X X X X X X X X X X X 3d
dXd lMKQ/B}2/ b2MbQ` aqo 7`2[m2M+v +?M;2 2z2+i MQ`KHBb2/ X X X X X X X X X X 3d
dX3 JMm7+im`2/ b2MbQ` aqo TmHb2 BM+`2b2 `2bTQMb2 X X X X X X X X X X X X X X X 33
dXN JMm7+im`2/ b2MbQ` 7Qm` +v+H2 2H2+i`Q;`7iBM; X X X X X X X X X X X X X X X X X X 33
dXRy JMm7+im`2/ b2MbQ` 2H2+i`Q;`7iBM; aqo T2F +QKT`BbQM X X X X X X X X X X 3N
dXRR JMm7+im`2/ b2MbQ` +Tim`2/ T`Qi2BM mM}Hi2`2/ aqo +m``2Mi `2bTQMb2 X X X X Ny
dXRk JMm7+im`2/ b2MbQ` +Tim`2/ T`Qi2BM aqo +m``2Mi `2bTQMb2 X X X X X X X X X Ny
dXRj JMm7+im`2/ b2MbQ` +Tim`2/ T`Qi2BM aqo T2F +m``2Mib X X X X X X X X X X X NR
dXR9 JMm7+im`2/ b2MbQ` +Tim`2/ T`Qi2BM aqo T2F +HB#`iBQM +m`p2 X X X X X X NR
dXR8 JMm7+im`2/ b2MbQ` +Tim`2/ H#2HH2/ T`Qi2BM aqo `2bTQMb2 X X X X X X X X X Nk
dXRe JMm7+im`2/ b2MbQ` +Tim`2/ H#2HH2/ T`Qi2BM aqo T2Fb X X X X X X X X X X X Nk
dXRd JMm7+im`2/ b2MbQ` +Tim`2/ H#2HH2/ T`Qi2BM aqo T2F +HB#`iBQM +m`p2 X X Nj
dXR3 a2+QM/ +Tim`2 MiB#Q/v `2bTQMb2 +m`p2 X X X X X X X X X X X X X X X X X X X X X N9
dXRN L2;iBp2 +QMi`QH T2F `2bTQMb2b 7Q` Ry T;fKH T`Qi2BMb UA6L M/ *_SV X X X X N9
dXky GQr2` T2F `2bTQMb2 M2;iBp2 +QMi`QH X X X X X X X X X X X X X X X X X X X X X X X N8
3XR a2MbQ` mMH#2HH2/ aqo T2F `2bTQMb2 +QKT`BbQM X X X X X X X X X X X X X X X X N3
3Xk a2MbQ` H#2HH2/ aqo T2F `2bTQMb2 +QKT`BbQM X X X X X X X X X X X X X X X X X NN
3Xj 1H2+i`Q;`7iBM; Q7 /BxQMBmK bHi X X X X X X X X X X X X X X X X X X X X X X X X X Ryy
3X9 6Qm` +v+H2 .`QTb2Mb +v+HB+ pQHiKKQ;`K 2H2+i`Q;`7iBM; `2bTQMb2 X X X X X X X RyR
3X8 lMH#2HH2/ T`Qi2BM aqo T2Fb +QKT`2/ iQ HBi2`im`2 X X X X X X X X X X X X X RyR
3Xe >_S@H#2HH2/ T`Qi2BM .So T2Fb X X X X X X X X X X X X X X X X X X X X X X X X X Ryk
XR 9yq ha9y9y CO2 Hb2` bvbi2K X X X X X X X X X X X X X X X X X X X X X X X X X X Ry3
Xk hQT pB2r Q7 Hb2` bvbi2K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RyN
Xj HB;MK2Mi Q7 Hb2` KB``Q` bvbi2K X X X X X X X X X X X X X X X X X X X X X X X X X RRy
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##`2pBiBQMb
.* MHQ; iQ /B;BiH +QMp2`i2`
*o *v+HB+ oQHiKK2i`v
.So .Bz2`2MiBH SmHb2 oQHiKK2i`v
.* .B;BiH iQ MHQ; +QMp2`i2`
1GAa 1MxvK2@HBMF2/ BKKmMQbQ`#2Mi bbv
6AL. 6QmM/iBQM 7Q` AMMQpiBp2 L2r .B;MQbiB+b
>_S >Q`b2`/Bb? T2`QtB/b2
A6L@γ AMi2`72`QM ;KK
Go GBM2` oQHi2KK2i`v
S"a S?QbT?i2 #mz2`2/ bHBM2
aqo a[m`2 qp2 oQHiKK2i`v
h" hm#2`+mHQbBb
la" lMBp2`bH a2`BH "mb
q>P qQ`H/ >2Hi? P`;MBbiBQM
o`B#H2b rBi? mMBib
E TTHB2/ TQi2MiBH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X (V )
E0 6Q`K2` TQi2MiBH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X (V )
n 1H2+i`QM KQmMi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X (− )
T h2KT2`im`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X (K )
CR _2/m+2/ bT2+B2b +QM+2Mi`iBQM X X X X X X X X X X X X X X X X X X X X X X (mol L−1 )
CO PtB/Bb2/ bT2+B2b +QM+2Mi`iBQM X X X X X X X X X X X X X X X X X X X X X X (mol L−1 )
ip S2F +m``2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X (A )
A `2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ( cm2 )
Do PtB/Bb2/ /BzmbbBQM +Q2{+B2Mib X X X X X X X X X X X X X X X X X X X X X ( cm2 s−1 )
C0 "mHF +QM+2Mi`iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X (mol cm−3 )
v a+M `i2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X (Vs−1 )
C∗O TT`2Mi QtB/Bb2/ bT2+B2b #mHF +QM+2Mi`iBQM X X X X X X X X X X X X X (mol cm−3 )
Δψp .BK2MbBQMH2bb T2F +m``2Mi X X X X X X X X X X X X X X X X X X X X X X X X (− )
tBB
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AMi`Q/m+iBQM
Ǵh?2`2 `2 i?`22 T?b2b iQ i`2iK2Mi, /B;MQbBb- /B;MQbBb M/ /B;MQbBbXǴ
∼ W.Osler, 1892.
RXR "+F;`QmM/
AM J`+? R33k-  :2`KM T?vbB+BM M/ KB+`Q#BQHQ;Bbi +HH2/ .` _Q#2`i EQ+? MMQmM+2/
iQ i?2 rQ`H/ i?i ?2 ?/ /Bb+Qp2`2/ i?2 #+i2`B +HH2/ Jv+Q#+i2`BmK im#2`+mHQbBb (R)X
h?2 #+i2`B rb i?2 H2/BM; +mb2 Q7 /2i? BM +2`iBM 1m`QT2M +QmMi`B2b i i?i ;2X
hm#2`+mHQbBb Uh"V b  /Bb2b2 Kv #2 `2;`/2/ BM irQ /Bz2`2Mi +i2;Q`B2b- TmHKQM`v
M/ 2ti`TmHKQM`vX SmHKQM`v h" Bb i?2 KQbi +QKKQM KMB72biiBQM Q7 i?2 /Bb2b2 (k)-
r?2`2 i?2 #+i2`B BM72+ib i?2 HmM;b Q7 i?2 BM72+i2/ T2`bQMX h?2 BM72+iBQM bT`2/b i?`Qm;?
/`QTH2ib i?i `2 `2H2b2/ BMiQ i?2 B` r?2M i?2 T2`bQM +Qm;?bX h?2b2 /`QTH2ib `2 BM?H2/
#v  ?2Hi?v T2`bQM- r?B+? +mb2b BM72+iBQMX AM i?2 +b2 Q7 h"- BM72+iBQM /Q2b MQi K2M
i?i i?2 /Bb2b2 rBHH /2p2HQTX h?Bb Bb +HH2/ Hi2Mi h"- b QTTQb2/ iQ +iBp2 h" r?2`2
i?2 #+i2`B +iBp2Hv z2+ib i?2 ?QbiX S2QTH2 rBi?  +QKT`QKBb2/ BKKmM2 bvbi2K- bm+?
b >Ao TiB2Mib Q` BM7Mib- `2 KQ`2 T`QM2 iQ /2p2HQT h" b  /Bb2b2 (j)X
AM kyRd- i?2 q>P `2TQ`i2/ h" b QM2 Q7 i?2 iQT i2M +mb2b Q7 /2i? BM i?2 rQ`H/-
+mbBM; bB+FM2bb BM TT`QtBKi2Hv Ry KBHHBQM T2QTH2 v2`Hv (9)X Ai ?b #22M i?2 MmK#2`
QM2 +mb2 Q7 /2i? 7`QK M BM72+iBQmb ;2Mi- #Qp2 >AofA.aX aQmi? 7`B+ Bb T`i Q7 i?2
iQT ky +QmMi`B2b i?i KF2 mT 39W Q7 i?2 BM+B/2M+2 `i2 Q7 h"X 989 yyy h" +b2b r2`2
`2TQ`i2/ BM aQmi? 7`B+ HQM2 BM kyR8 (8)X
*m``2Mi /B;MQbiB+ i2bib 7Q` im#2`+mHQbBb `2 2Bi?2` HBKBi2/ BM b2MbBiBpBiv Q` +Qbi- Q` MQi
/Ti#H2 7Q` HH ivT2b Q7 TiB2Mib- bm+? b +?BH/`2MX h?2 Hi2Mi M/ 2ti`TmHKQM`v +b2b
`2 2ti`2K2Hv /B{+mHi iQ /2i2+i M/ i?2`2 Bb M m`;2Mi M22/ iQ //`2bb i?2b2 HBKBiiBQMb
#v /2p2HQTBM;  M2r /B;MQbiB+ i2biX
R
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RXk JQiBpiBQM M/ TT`Q+?
h?2 qQ`H/ >2Hi? P`;MBbiBQM Uq>PV 2bi#HBb?2/ BM i?2B` 1M/ h" ai`i2;v  ;QH
BM +QMDmM+iBQM rBi? i?2 lMBi2/ LiBQMǶb UlLV ambiBM#H2 .2p2HQTK2Mi :QHb iQ 2M/
i?2 ;HQ#H h" 2TB/2KB+ #v kyj8- bi`iBM; BM kyRe (e)X h?2 }`bi TBHH` Q7 i?2 q>P 1M/
h" ai`i2;v Bb iQ /2p2HQT K2i?Q/b 7Q` i?2 2`Hv /B;MQbBb Q7 h"X h?Bb BM+Hm/2b /`m;@
bmb+2TiB#BHBiv i2biBM;- M/ b+`22MBM; QM  `2;mH` #bBb Q7 T2QTH2 i?i HBp2 BM `2b r?2`2
h" Bb T`2pH2MiX h?2 BK Bb iQ BM+`2b2 /Bb+Qp2`v M/ /2p2HQTK2Mi- M/ B/ BM i?2 BKTH2@
K2MiiBQM M/ mTiF2 Q7 M2r bvbi2Kb M/ i2+?MQHQ;B2bX h?Bb HB;Mb rBi? bm#@Q#D2+iBp2
kXkXR Q7 i?2 aQmi? 7`B+M LiBQMH ai`i2;B+ SHM ULaSV 7Q` kyRd@kykkX h?2 Q#D2+iBp2
/2iBHb iQ /B;MQb2 NyW Q7 i?2 2tBbiBM; h" +b2b BM aQmi? 7`B+ M/ TH+2 i?2K QM T@
T`QT`Bi2 i`2iK2MiX h?2 BK Bb iQ BMi2MbB7v i?2 7+BHBiv@H2p2H h" +b2@}M/BM;b M/ iQ
BKT`Qp2 i?2 /B;MQbBb Q7 /`m; b2MbBiBp2 M/ /`m; `2bBbiMi im#2`+mHQbBb BM  H#Q`iQ`v
2MpB`QMK2MiX hQ `2HBb2 i?Bb- i?2 M22/ 7Q` M2r /B;MQbiB+ THi7Q`Kb r2`2 B/2MiB}2/ b QM2
Q7 i?2 F2v bT2+ib iQ #2 //`2bb2/ (d)X
h?2 q>P ?/ +QMp2M2/  K22iBM; BM T`BH kyR9 iQ 2bi#HBb? i`;2i T`Q/m+i T`Q}H2b
UhSSV 7Q` /B;MQbiB+ /2pB+2bX h?2 BK Q7 i?2 hSSb `2 iQ 2Mbm`2 i?i i?2 M22/b Q7 i?2
2M/@mb2`b `2 K2i #v i?2 bT2+B}+iBQMb Q7 i?2 /B;MQbiB+ T`Q/m+ib (3)X 6Qm` hSSb r2`2
?B;?HB;?i2/,
RX  MQM@bTmimK #b2/ i2bi i?i Bb +T#H2 Q7 /2i2+iBM; HH 7Q`Kb Q7 h" #v B/2MiB7vBM;
#BQK`F2`b `2Hi2/ iQ i?i 7Q`K Q7 h"X
kX  i`B;2 i2biX "mBHi 7Q` bBKTHB+Biv- HQr +Qbi- M/ +M #2 mb2/ #v }`bi@+QMi+i T2`@
bQMM2HX
jX  bTmimK i2bi i?i b?QmH/ `2TH+2 bK2` KB+`Qb+QTv iQ /2i2+i TmHKQM`v h"X
9X  /`m;@bmb+2TiB#BHBiv i2bi i?i +M #2 mb2/ iQ b2H2+i i?2 }`bi@HBM2 `2;BK2M@#b2/
i?2`TvX
h?2 }`bi i?`22 Bi2Kb b?QmH/ HH #2 TQBMi@Q7@+`2 /2pB+2b- r?BH2 i?2 /`m;@bmb+2TiB#BHBiv i2bi
rBHH #2 mb2/ i KB+`Qb+QTv@H2p2H +2Mi`2bX h?Bb T`QD2+i BKb i /2p2HQTBM;  b2MbQ` i?i
rBHH #2 i?2 }`bi bi2T iQr`/b 7mH}HHBM; QM2 Q7 i?2b2 hSSbX
RXj S`QD2+i b+QT2
h?2 b+QT2 Q7 i?2 T`QD2+i rb iQ BMp2biB;i2 #BQ{MBiv #b2/ #BQb2MbQ`b M/ ii2KTi iQ
/2p2HQT bm+?  b2MbQ` 7Q` i?2 /2i2+iBQM Q7  im#2`+mHQbBb `2Hi2/ #BQK`F2`X h?Bb rb MQi
HBKBi2/ iQ i?2 /2i2+iBQM K2i?Q/- #mi `i?2` iQ i?2 +?QB+2 Q7 #BQK`F2`X h?2 #BQK`F2`
?/ iQ #2 `2Hi2/ iQ i?2 /B;MQbBb Q7 im#2`+mHQbBb M/ }i BMiQ  hSS b2i #v i?2 q>PX
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RX9 h?2bBb QmiHBM2
h?Bb `2TQ`i Bb +QKTQb2/ Q7  HBi2`im`2 bim/v- 7QHHQr2/ #v  `2pB2r Q7 i?2 //BiBQMH i?2Q`v
`2[mB`2/ iQ mM/2`biM/ i?2 /2i2+iBQM K2i?Q/X Ai BM+Hm/2b i?2Q`v Q7 i?2 i2+?MB[m2b mb2/
BM i?2 2tT2`BK2MiH K2i?Q/bX h?2 `2pB2r HbQ +QKT`2b i?2 2H2+i`QMB+ /2pB+2b /2p2HQT2/
#v HBi2`im`2- HBbiBM; i?2 /Bz2`2Mi +?`+i2`BbiB+b Q7 i?2 /2pB+2b M/ +QKT`BM; Bi iQ +QK@
K2`+BHHv pBH#H2 2[mBTK2MiX
7i2` +Qp2`BM; i?2 `2H2pMi #+F;`QmM/- i?2 2tT2`BK2MiH K2i?Q/b `2 /Bb+mbb2/ BM /2@
iBHX h?Bb Bb 7QHHQr2/ #v  +?Ti2` /2/B+i2/ iQ i?2 ?`/r`2 /2p2HQTK2Mi iQ BKT`Qp2 i?2
`2T2i#BHBiv M/ ++m`+v Q7 i?2 2tT2`BK2MiH T`Q+2/m`2bX
h?2 }M/BM;b Q7 i?2 2tT2`BK2Mib `2 `2TQ`i2/ BM irQ +QMb2+miBp2 +?Ti2`b- 7QHHQr2/ #v
 /Bb+mbbBQM M/ +QKT`BbQM Q7 i?2 /Bz2`2Mi `2bmHibX h?2 i?2bBb Bb i?2M +QM+Hm/2/ rBi? 
+?Ti2` /Bb+mbbBM; i?2 }MH i?Qm;?ib QM i?2 T`QD2+i M/ 7mim`2 rQ`FX
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*?Ti2` k
GBi2`im`2 bim/v
h?Bb +?Ti2` `2pB2rb i?2 `2H2pMi HBi2`im`2 i?i rb `2[mB`2/ iQ mM/2`biM/ i?2 K2@
+?MB+b Q7 #BQb2MbBM; M/ i?2 `2HiBQM Bi ?b iQ im#2`+mHQbBbX Ai +Qp2`b i?2 #`Q/ iQT@
B+b Q7 +m``2Mi im#2`+mHQbBb /B;MQbiB+ K2i?Q/b- #BQb2MbQ`b BM ;2M2`H- M/ #BQK`F2`b
`2Hi2/ iQ im#2`+mHQbBbX h?Bb FMQrH2/;2 Bb i?2M TTHB2/ iQ 2pHmi2 HBi2`im`2 i?i
+Qp2`b i?2 iQTB+ Q7 #BQb2MbQ`b M/ i?Qb2 BK2/ i /B;MQbBM; im#2`+mHQbBbX h?2
+?Ti2` +QM+Hm/2b #v 2pHmiBM; i?2 HBi2`im`2 M/ i?2 T`QD2+i b+QT2- M/ b2ib mT
i?2 T`QTQb2/ T`QD2+i K2i?Q/QHQ;vX
kXR AMi`Q/m+iBQM
h?2 ?mKM BKKmM2 bvbi2K KQ#BHBb2b  r?QH2 #Q/v Q7 Mim`H M/ /TiBp2 `2bTQMb2
KQH2+mH2b iQ /272M/ Bib2H7 ;BMbi  +QmMiH2bb KQmMi Q7 /2bi`m+iBp2 7Q`2B;M #Q/B2bX  F2v
+QKTQM2Mi Q7 i?Bb +QKTH2t bvbi2K Bb i?2 #BHBiv Bi ?b iQ /Bz2`2MiBi2 #2ir22M Bib2H7 M/
M mMFMQrM bm#bi`i2X a?QmH/ i?2 bvbi2K 7BH iQ /Q bQ- +HH2/ 7BHm`2 Q7 b2H7@iQH2`M+2-
i?Bb #2+QK2b M miQBKKmM2 /Bb2b2 (N)X
h?2 Mim`H BKKmM2 bvbi2K BM+Hm/2b- #mi Bb MQi HBKBi2/ iQ- i?2 2TBi?2HBH #``B2`b M/
i?2 Km+Q+BHB`v #HMF2i- i?2 BM?HiBQM M/ BM;2biBQM Q7 7Q`2B;M T`iB+H2b- 2M+Q/2/ #v i?2
;2`KHBM2 ;2M2bX h?2 /TiBp2 BKKmM2 bvbi2K- r?B+? Bb Q7 KQ`2 BMi2`2bi iQr`/b i?Bb
T`QD2+i- Bb 2tT`2bb2/ BM i`;2i2/ bBimiBQMbX MiB;2M@bT2+B}+ `2+2TiQ`b `2 7Q`K2/ QM i?2
bm`7+2b Q7 h M/ " HvKT?Q+vi2b (Ry)X 6Q` 2tKTH2- BM i?2 +b2 Q7 im#2`+mHQbBb- bT2+B}+
h@+2HHb i?i `2T`2b2Mi T`Q@ M/ MiB@BM~KKiQ`v 72im`2b Q7 i?2 +QMi`QH Q7 BM72+iBQMX *m`@
`2Mi h" /B;MQbiB+ i2bib miBHBb2 Q++m``2M+2b HBF2 i?Bb BM i?2 T2`BT?2`H #HQQ/ iQ /2i2`KBM2
i?2 biimb Q7 BM72+iBQM (RR)X
kXk *m``2Mi /B;MQbiB+ K2i?Q/b
h?2 T`Q+2/m`2 mb2/ iQ /B;MQb2 h" Bb b2iiBM; /2T2M/2/ /m2 iQ `2bQm`+2 pBH#BHBiv (Rk)X
6Q` +iBp2 h"- i?2 BMBiBH /B;MQbBb Bb #b2/ QM T?vbB+H bvKTiQKbX h?Bb BM+Hm/2b +Qm;?@
BM;- MB;?i br2iBM;- HQbb Q7 r2B;?i- 72p2`- M/ ?2KQTivbBb (Rj)X h?Bb ivT2 Q7 /B;MQbBb Bb
bm#D2+i iQ BM+Q``2+i bbmKTiBQMb M/ Kv 7BH iQ KF2 i?2 +Q``2+i +QM+HmbBQMX LQi HH
TiB2Mib b?Qr i?2b2 ivTB+H bvKTiQKb- 2bT2+BHHv BM i?2 2`Hv bi;2b Q7 BM72+iBQM- M/ Bi
HbQ 7BHb iQ /B;MQb2 2ti`TmHKQM`v h"X h?2 TiB2Mi i?i b?Qrb QM2 Q` KQ`2 Q7 i?2
bvKTiQKb b?QmH/ #2 b2Mi 7Q` //BiBQMH b+`22MBM;- M/ T2QTH2 BM ?B;? `BbF `2b b?QmH/
B/2HHv ?p2 ++2bb iQ 7m`i?2` i2biBM; #27Q`2 }MH /B;MQbBb Bb K/2X
9
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h`/BiBQMH i2biBM; rQmH/ BM+Hm/2  +?2bi s@`v Q` +mHim`2 ;`Qri? Q7 i?2 #+i2`BX h?2b2
`2 #Qi? rBi? MmK2`Qmb r2FM2bb2bX s@`vb `2 bm#D2+i2/ iQ i?2 /Bb+`2iBQM Q7 i?2 /Q+iQ`
i?i ?b iQ KF2 i?2 /B;MQbBb M/ Bi Bb HBKBi2/ iQ TmHKQM`v h" (R9)X *mHim`2 ;`Qri?
?b i?2 /pMi;2 Q7 i2biBM; 7Q` /`m; bmb+2TiB#BHBiv- #mi Bb 2tT2MbBp2 M/ iF2b mT iQ bBt
r22Fb #27Q`2 i?2 biimb Bb FMQrM (j)X h?2`2 `2 BM?2`2Mi T`Q#H2Kb i?i `Bb2 r?2M mbBM;
+mHim`2 ;`Qri? K2i?Q/bX h?2 }`bi Bb i?2 `2[mB`2K2Mi i?i i?2 TiB2Mi ?b iQ `2im`M r?2M
i?2 `2bmHib `2 FMQrMX h?Bb Bb MQi Hrvb TQbbB#H2 BM `m`H `2b M/ `2+?BM; Qmi iQ
TiB2Mib #2+QK2b pB`imHHv BKTQbbB#H2X h?2 b2+QM/ Bb i?2 `2[mB`2K2Mi iQ b2M/ i?2 bKTH2b
iQ  +2Mi`H H#Q`iQ`v- r?B+? BM+`2b2b i?2 TQbbB#BHBiv Q7 2``Q`X h?2 i?B`/ T`Q#H2K Bb i?2
iBK2 `2[mB`2/ 7Q` /B;MQbBbX AM bQK2 `2b i?2 T`Q##BHBiv Q7 +QMi`+iBM; h" Bb +QMbB/2`2/
iQ #2 ?B;?X  T2`bQM i?i +QMi`+ib  /Bb2b2 rBi? bBKBH` bvKTiQKb b h" BM bm+? M
`2 rQmH/ #2 T`QM2 iQ #2 r`QM;Hv /B;MQb2/ bBM+2 Bi b22Kb mMM2+2bb`v iQ rBi 7Q` i?2
/B;MQbiB+ `2bmHibX
aTmimK bK2` KB+`Qb+QTv Bb +m``2MiHv i?2 T`BK`v KB+`Q#BQHQ;B+H K2i?Q/ iQ i2bi 7Q`
h" BM `2bQm`+2 b+`+2 +QmMi`B2b (R8)X h?2 K2i?Q/ BMpQHp2b +QHH2+iBM; bTmimK 7`QK i?2
`2bTB`iQ`v i`+i Q7 i?2 T2`bQM bmbT2+i2/ iQ ?p2 #22M BM72+i2/X h?2 bTmimK Bb bK2`2/
QM  ;Hbb bHB/2 M/ Bb i`2i2/ rBi? +B/@+QMiBMBM; HB[mB/b r?B+? biBMb i?2 +2HH rHH Q7 i?2
#+i2`BX h?2 bHB/2b `2 i?2M 2tKBM2/ mM/2`  KB+`Qb+QT2 iQ }M/ i`+2b Q7 i?2 #+i2`BX
hrQ /Bz2`2Mi K2i?Q/b `2 mb2/- ~mQ`2b+2M+2 Um`KBM2 biBMBM;V M/ "`B;?i}2H/ U+`#QH
7m+?bBM biBMBM;VX M 2tKTH2 Q7 #Qi? +M #2 b22M BM 6B;m`2 kXRX
UV 6HmQ`2b+2M+2 KB+`Qb+QTv U#V "`B;?i}2H/ KB+`Qb+QTv
6B;m`2 kXR, aK2` KB+`Qb+QTv `2bmHib 7Q` h" #+i2`B +QMiBMBM; bKTH2b (Re)
h?2 `i2 i r?B+? i?2 bHB/2b `2 2tKBM2/ `2 /2T2M/2Mi QM i?2 bFBHH Q7 i?2 MHvbiX h?2
i2bib `2[mB`2 i`BpBH H#Q`iQ`v 2[mBTK2Mi M/ ?b  N8 @ N3W T`Q##BHBiv Q7 /B;MQbBM;
bK2`@TQbBiBp2 +b2b (Rd)X Ai /Q2b H+F i?2 b2MbBiBpBiv `2[mB`2/ 7Q` 7mHH  /B;MQbBb BM bT2@
+B}+ TiB2Mi ;`QmTbX h?2b2 ;`QmTb BM+Hm/2 >AofA.a TQbBiBp2 TiB2Mib- +?BH/`2M- M/
2ti`TmHKQM`v h" +b2b (R3)X hQQHb bm+? b :2M2sT2`i Jh"f_A6 M/ GBM2 T`Q#2 bbv
UGSV r2`2 /2p2HQT2/ iQ Qp2`+QK2 bm+? HBKBiiBQMbX
:2M2sT2`i Jh"f_A6 (RN) Bb  Mm+H2B+ +B/ KTHB}+iBQM i2+?MB[m2 i?i miBHBb2b ~mQ@
`2b+2M+2 iQ /2i2`KBM2 i?2 T`2b2M+2  bT2+B}+ ;2M2 b2[m2M+2 Q7 i?2 #+i2`BX  TQHvK2`b2
+?BM `2+iBQM US*_V Bb mb2/ iQ KTHB7v i?2 ;2M2X h?Bb Bb i?2M BMi`Q/m+2/ iQ  b2i Q7 }p2
T`Q#2b i?i ~mQ`2b+2 i /Bz2`2Mi 7`2[m2M+B2bX h?2b2 T`Q#2b `2 +m`p2/ M/ TT`QtBKi2b
i?2 ~mQ`2b+2Mi bii2- #mi +MMQi /Q bQX q?2M #QmM/ iQ i?2 bT2+B}+ ;2M2- i?2v bi`B;?i2M
Qmi- M/ #2+QK2 ~mQ`2b+2MiX h?Bb i?2M Bb BMi2`T`2i2/ b M BM/B+iBQM Q7 i?2 T`2b2M+2 Q7
i?2 h" ;2M2X
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6B;m`2 kXk ;Bp2b i?2 b2[m2M+2 mb2/ #v  *2T?2B/ Jh"f_B7 U*2T?2B/- laV /2i2+iBQM i2bi
iQ i2bi 7Q` h" BM72+iBQM M/ `B7KTB+BM `2bBbiM+2 KmiiBQMb Q7 h"X _B7KTB+BM Bb M M@
iB#BQiB+ mb2/ iQ i`2i b2p2`H 7Q`Kb Q7 Kv+Q#+i2`BmK (ky)X h?2 `B7KTB+BM `2bBbiMi bi`BM
Bb MQi +QKTH2i2Hv B/2MiB+H iQ i?2 MQ`KH bi`BM Q7 h"X h?Bb 72im`2 Bb 2tTHQBi2/ #v i?2
+?QB+2 Q7 i?2 T`Q#2bX Ai 7mHHv `2+ib r?2M i?2 mMKQ/B}2/ b2[m2M+2 Q7 i?2 .L Bb T`2b2Mi-
#mi QMHv T`iBHHv rBi? i?2 Kmii2/ bi`BM /m2 iQ  b2[m2M+2 KBbKi+?X h?2 bbv pHB@
/i2b i?2 2tT2`BK2Mi rBi? M BMi2`MH +QMi`QH Q7 "+BHHmb ;HQ#B;BB- r?B+? HbQ `2+ib rBi?
i?2 T`Q#2b iQ T`QpB/2  TQbBiBp2 `2bTQMb2X
kY T`Q#2b
TQbBiBp2
1``Q`
HH 8 TQbBiBp2\
AMi2`MH +QMi`QH
SQbBiBp2
`2bTQMb2
L2;BiBp2
`2bTQMb2
LQ h"
/2i2+i2/
AMpHB/ `2bmHi
h" /2i2+i2/
_B7 MQi
/2i2+i2/
h" /2i2+i2/
_B7 /2i2+i2/
LQ
u2b
S`Q#2 +?2+F
Sbb 6BH
u2b LQ
6B;m`2 kXk, *2T?2B/ Jh"f_B7 bbv (kR)
h?2 2tT2`BK2Mib `2 +QM/m+i2/ #v //BM; i?2 bT2+B}+ `2;2Mib iQ  bKTH2 bmbT2+i2/
iQ +QMiBM i?2 #+i2`BX h?Bb +QmH/ #2 biQQH Q` bTmimK bKTH2bX h?2 bKTH2 Bb i?2M
BMb2`i2/ BM iQ  +`i`B/;2 mb2/ bT2+B}+HHv 7Q` :2M2sT2`i i2bibX h?2b2 +`i`B/;2b `2 7Q`
bBM;H2 mb2 QMHv M/ /BbTQb#H2X h?2 +`i`B/;2 Bb TH+2/ BM  KQH2+mH` /B;MQbiB+ bvbi2K-
b BM 6B;m`2 kXj- r?2`2 i?2 `2bi Q7 i?2 T`Q+2bb Bb miQKiB+HHv +QKTH2i2/X h?2 bvbi2Kb
+QK2 BM p`BMi bBx2b rBi? R- k- 9- Re- 93- Q` 3y KQ/mH2b (RN)X 1+? i2bi iF2b k ?Qm`b iQ
+QKTH2i2 M/ +M `mM BM/2T2M/2MiHvX h?2 +`i`B/;2b ?p2  HB72iBK2 Q7 mT iQ k r22Fb B7
biQ`2/ T`QT2`HvX
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6B;m`2 kXj, miQKi2/ KQH2+mH` /B;MQbiB+ bvbi2K (kk)X
h?2 H2p2H Q7 2tT2`iBb2 `2[mB`2/ iQ +QM/m+i M sT2`i i2bi Bb HQr +QKT`2/ iQ i?2b2 T`2@
pBQmbHv K2MiBQM2/X h?2 /`m; bmb+2TiB#BHBiv i2biBM; Bb HbQ KQ`2 /vMKB+ M/ M2;iBp2
i2biBM; Bb HbQ miQKi2/X h?2 /Bb/pMi;2b Q7 :2M2sT2`i `2 [mB+FHv `2HBb2/ r?2M
bb2bbBM; i?i i?2 K2i?Q/ `2HB2b QM i?2 #+i2`B iQ #2 T`2b2Mi BM i?2 bKTH2X h?Bb K2Mb
i?i Bi ?b i?2 bK2 T`2T`Q+2bbBM; /Bb/pMi;2b b bK2` KB+`Qb+QTvX h?2 T`Q##BHBiv
Q7 /2i2+iBM; h" rQmH/ #2 ?B;?2` rBi? i?2 miQKi2/ K2i?Q/- #mi Bi biBHH `2HB2b QM i?2
bm++2bb7mH +QHH2+iBQM Q7 bTmimK +QMiBMBM; i?2 #+i2`BX Ai 7BHb iQ /B;MQb2 Hi2Mi h"- M/
+MMQi /Q 2`Hv /B;MQbiB+bX h?2 /2pB+2 `2[mB`2b  bi#H2 TQr2` bmTTHv- M/ i?2 +`i`B/;2b
?p2  HBKBi2/ HB72iBK2X
h?2`2 2tBbi2/ MQ bT2+B}+ /B;MQbiB+ K2i?Q/ 7Q` Hi2Mi h" mMiBH TT`QtBKi2Hv i2M v2`b
;Q (kj)X h`/BiBQMH i2biBM; BMpQHp2/  im#2`+mHBM bFBM i2bi UhahVX h?Bb BMpQHp2/ i?2
bmbT2+i2/ TiB2Mi iQ #2 BMD2+i2/ rBi? h" MiB;2Mb #2HQr i?2 bFBMX h?2 `2+iBQM rb
KQMBiQ`2/ M/ i?2 `2bTQMb2 Q7 i?2 bm``QmM/BM; bFBM BM/B+i2/ B7 i?2 T2`bQM rb BM72+i2/
Q` MQiX h?Bb rb T`QM2 iQ 7Hb2 TQbBiBp2b /m2 iQ i?2 "+BHH2 *HK2ii2@:mû`BM p++BM2-
M/ `2[mB`2/ i?2 TiB2Mi iQ pBbBi i?2 K2/B+H +`2 mMBi  b2+QM/ iBK2X AMi2`72`QM ;KK
`2H2b2 bbvb UA:_V r2`2 /2p2HQT2/ iQ ?p2  /B;MQbiB+ T`Q+2/m`2 mbBM; #HQQ/X Ai Bb
#b2/ QM i?2 T`BM+BTH2 i?i i?2 #HQQ/ +QMiBMb MiB;2M@bT2+B}+ h +2HHbX h?Bb i?2M #2+QK2b
+iBpi2/ r?2M 2tTQb2/ iQ h" M/ b2+`2i2b BMi2`72`QM ;KKX h?2 THbK Bb b2T`i2/
7`QK i?2 #HQQ/ M/ i?2 BMi2`72`QM Bb i?2M BKKQ#BHBb2/ #v  +Tim`2 MiB#Q/vX h?2 BM@
i2`72`QM Bb H#2HH2/ rBi?  `2/Qt `2+iBp2 H#2H- r?B+? T`Q/m+2b  +QHQ`BK2i`B+ `2bTQMb2X
h?2 /Bb/pMi;2b Q7 A:_ Bb i?i i?2 BM+m#iBQM Q7 i?2 T`Qi2BM ?b iQ ?TT2M Qp2`MB;?i
i p2`v bT2+B}+ +QM/BiBQMbX h?2b2 i2bib `2 mM#H2 iQ /2i2`KBM2 i?2 /Bz2`2Mi bi;2b Q7
BM72+iBQM M/ Bb MQi b2MbBiBp2 2MQm;? iQ /2}MBi2Hv `mH2 Qmi i?2 BM72+iBQM
MQi?2` 7Q`K Q7 /B;MQbBb Bb  Hi2`H ~Qr m`BM2 HBTQ`#BMQKMMM bbv UG6@GJVX
h?2 BMi2M/2/ mb2 Bb 7Q` i?2 /B;MQbBb M/ b+`22MBM; Q7 >Ao@BM72+i2/ TiB2Mib i?i ?p2
+iBp2 h"X h?Bb Bb  m`BM2 i2bi i?i /2i2+ib i?2 T`2b2M+2 Q7  GJ MiB;2MX h?Bb Bb 7QmM/
BM i?2 +2HH rHH M/ `2H2b2/ 7`QK K2i#QHB+HHv +iBp2 Q` /2;2M2`iBM; +2HHbX Ai TT2`b
iQ #2 T`2b2Mi QMHv BM h" BM72+i2/ ?QbibX h?2 i2bib `2 BM2tT2MbBp2 M/ ?b i?2 /pMi;2
Q7 MQi #2BM;  bTmimK@#b2/ i2biX ++Q`/BM; iQ i?2 TQHB+v Q7 i?2 q>P- i?Bb i2bi b?QmH/
QMHv #2 mb2/ b  `2+QKK2M/iBQM iQ B/ BM i?2 /B;MQbiB+b Q7 h" #2+mb2 Q7 TQbbB#H2
7Hb2 TQbBiBp2 i2bib (k9)X
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kXkXR h`;2i T`Q/m+i T`Q}H2
h?2`2 2tBbib KmHiBTH2 Qi?2` /B;MQbiB+ K2i?Q/b 7Q` h"- 2+? rBi? Bib QrM /pMi;2b M/
/Bb/pMi;2bX h?Bb rb ?B;?HB;?i2/ BM i?2 :HQ#H hm#2`+mHQbBb _2TQ`i Q7 kyRd- Tm#@
HBb?2/ #v i?2 qQ`H/ >2Hi? P`;MBbiBQM Uq>PV (9)X :HQ#HHv- 2p2M BM i?2 /pM+2K2Mi
Q7 KQH2+mH` i2bib bm+? b :2M2sT2`i- QMHv 8dW Q7 i?2 `2TQ`i2/ +b2/ Q7 TmHKQM`v h"
r2`2 #+i2`BQHQ;B+HHv +QM}`K2/X qBi? sT2`i i2bib i i?2 7`QMi Q7 i?2 /B;MQbiB+b `2+@
QKK2M/2/ #v i?2 q>P- i?2 M22/ 7Q` #2ii2` M/ TQBMi@Q7@+`2 /2pB+2b Bb +FMQrH2/;2/X
sT2`i i2bi ?p2  ?B;? b2MbBiBpBiv M/ bT2+B}+Biv 7Q` TmHKQM`v h"- #mi /Q2b MQi T2`7Q`K
++Q`/BM; iQ i?2 M22/ iQ /B;MQb2 bK2`@M2;iBp2 TmHKQM`v M/ 2ti`TmHKQM`v +b2bX
h?2 +HbbB}+iBQM Q7 i?2 +iBpBiv Q7 /`m; `2bBbiMi h" Bb bQK2iBK2b r`QM;Hv 7Hb2@TQbBiBp2
Q` 7Hb2@M2;iBp2 r?2M i?2 #+i2`B Bb BM HQr +QM+2Mi`iBQMb (k8)X h?2 M22/ 7Q`  +QMbiMi
TQr2` bmTTHv i i?2 /B;MQbiB+ +2Mi`2b iQ `mM i?2 :2M2sT2`i bbvb /Bb[mHB}2b Bi b 
TQBMi@Q7@+`2 /2pB+2 (3)X
h?2 bTmimK #b2/ i2bib- b /Bb+mbb2/ T`2pBQmbHv- Bb ?BM/2`2/ #v i?2 7+i i?i bTmimK
7`QK i?2 HmM;b ?b iQ #2 +Qm;?2/ mTX h?2 q>P Tm#HBb?2/  `2TQ`i Q7 ?B;?@T`BQ`Biv i`@
;2i T`Q/m+i T`Q}H2b 7Q` M2r im#2`+mHQbBb /B;MQbiB+b (3)X AM i?Bb HBbi i?2`2 2tBbib +HHb 7Q`
/Bz2`2Mi ivT2b Q7 /B;MQbiB+ K2i?Q/b- MK2Hv,
RX  MQM@bTmimK #b2/ i2bi i?i Bb +T#H2 Q7 /2i2+iBM; HH 7Q`Kb Q7 h" #v B/2MiB7vBM;
#BQK`F2`b `2Hi2/ iQ i?i 7Q`K Q7 h"X
kX  i`B;2 i2biX "mBHi 7Q` bBKTHB+Biv- HQr +Qbi- M/ +M #2 mb2/ #v }`bi@+QMi+i T2`@
bQMM2HX
jX  bTmimK i2bi i?i b?QmH/ `2TH+2 bK2` KB+`Qb+QTv iQ /2i2+i TmHKQM`v h"X
9X  /`m;@bmb+2TiB#BHBiv i2bi i?i +M #2 mb2/ iQ b2H2+i i?2 }`bi@HBM2 `2;BK2M@#b2/
i?2`TvX
P7 i?2b2- EBF 2i HX (ke) 7QmM/ i?i i?2 KQbi m`;2Mi rb i?2 /2p2HQTK2Mi Q7  MQM@bTmimK
#BQK`F2`@#b2/ /B;MQbiB+ i2bi i?i +M #2 mb2/ b  TQBMi@Q7@+`2 /2pB+2X  bmKK`v
Q7 i?2 i2+?MB+H bT2+B}+iBQMb 7Q` i?Bb /B;MQbiB+ K2i?Q/ Bb ;Bp2M BM h#H2 kXRX
h?2 ;QH Q7 bm+?  i2bi rQmH/ #2 iQ 2tTM/ i?2 /B;MQbiB+ ?Q`BxQM iQ /2i2+i +?BH/?QQ/
M/ 2ti`TmHKQM`v h"X h?2 bKTH2 bQm`+2 b?QmH/ #2 7`QK m`BM2- #HQQ/- Q` #`2i? +QM@
/2Mbi2X h?2 /2pB+2 Bib2H7 b?QmH/ #2 KQ`2 TQ`i#H2- bBKTHBbiB+- M/ /m`#H2- rBi? HBiiH2 iQ
MQ bKTH2 T`2T`iBQMX M //BiBQMH 7+iQ` i?i b?QmH/ #2 +QMbB/2`2/ Bb i?2 QT2`iBQM
i2KT2`im`2 `M;2X h?Bb b?QmH/ #2 #`Qm;?i BMiQ +QMbB/2`iBQM #2+mb2 Q7 i?2 /Bp2`b2 b2i@
iBM;b BM r?B+? h" +QmH/ #2 /B;MQb2/ M/ i?2 /Bz2`2M+2 BM K#B2Mi i2KT2`im`2 `2Hi2/
iQ BiX
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h#H2 kXR, E2v +?`+i2`BbiB+b Q7  #BQK`F2`@#b2/ MQM@bTmimK@#b2/ i2bi (3)
*?`+i2`BbiB+ PTiBKH`2[mB`2K2Mi
W Q7
QTiBKH
JBMBKH
`2[mB`2K2Mi
W Q7
KBMBKH
.B;MQbiB+
b2MbBiBpBiv 7Q`
TmHKQM`v h"
BM /mHib
≥ 98% 7Q` bK2`
TQbBiBp2 +mHim`2 TQbBiBp2-
≥ 68% 7Q` bK2`
M2;iBp2 +mHim`2 TQbBiBp2-
≥ 80% BM /mHib
rBi? >Ao BM72+iBQM
NyW
Pp2`HH =eyW-
#mi =N3W 7Q`
bK2` TQbBiBp2
+mHim`2 TQbBiBp2
N8W
.B;MQbiB+
b2MbBiBpBiv 7Q`
2ti`TmHKQM`v
h" BM /mHib
≥ 85% BM HvKT?
MQ/2 bTB`i2b Q` iBbbm2-
≥ 80% BM
+2`2#`QbTBMH ~mB/
38W LQ HQr2` `M;2rb ;Bp2M eNW
.B;MQbiB+
b2MbBiBpBiv BM
+?BH/`2M
≥ 68% 7Q`
+?BH/?QQ/ BMi`i?Q`+B+
h"
38W LQ HQr2` `M;2rb ;Bp2M dkW
.B;MQbiB+
bT2+B}+Biv
.BbiBM;mBb? #2ir22M
+iBp2 M/ Hi2Mi h"-
i H2bi b bT2+B}+
b sT2`i Jh"f_A6
bbvb
NkW b QTiBKH 3dW
hBK2 iQ bbv
`2bmHi
G2bb i?M ky
KBMmi2b 7Q`
+QKTH2i2 bbv
dNW G2bb i?M R ?Qm` 7Q`+QKTH2i2 bbvX 38W
JBMi2MM+2
M/ +HB#`iBQM
.BbTQb#H2-
MQ KBMi2MM+2 NdW
S`2p2MiiBp2 KBMi2MM+2
7i2` R v2` Q` Ryyy bKTH2b-
bBKTH2 iQQHb M/ FMQrH2/;2-
KBMi2MM+2 H2`i-
`2KQi2 +HB#`iBQM
NyW
S`B+2 Q7
BM/BpB/mH i2bi Ila0 9Xyy d9W Ila0 eXyy ddW
h?2 }MH `2K`F `2;`/BM; i?2 /2p2HQTK2Mi rQmH/ #2 QM QM2 Q7 i?2 TBHH`b Q7 i?2 1M/ h"
ai`i2;v Q7 i?2 q>P (R)X h?2 BK Q7 i?2 TBHH` Bb iQ BMi2MbB7v `2b2`+? M/ BMMQpiBQMX Ai
`2pB2r2/ i?2 /2p2HQTK2Mi Q7 `2H2pMi bbvb M/ 7QmM/ i?i Bi ?b #22M bi;MMi BM i?2
Tbi v2` UkyRd @ kyR3VX h?2`2 Bb v2i MQ TQBMi@Q7@+`2 bbv i?i +M ++m`i2Hv /2i2`KBM2
B7  TiB2Mi ?b h" rBi? bT22/ M/ `Q#mbiM2bb `2[mB`2/X
kXkXk *QM+HmbBQM
h?2 /B;MQbBb Q7 h" ?b +QK2  HQM; rv 7`QK bTmimK bK2` KB+`Qb+QTv iQ K2i?Q/b bm+?
b :2M2sT2`iX h?2 +m``2Mi /B;MQbiB+ iQQHb H2p2  H`;2 ;T Q7 mM/B;MQb2/ TiB2MibX
h?Bb Bb /m2 iQ K2i?Q/ M/ iQQH HBKBiiBQMb- M/ `2+?#H2 `M;2 BMiQ `2bQm`+2@HBKBi2/
b2iiBM;bX  +HH rb b2i Qmi iQ //`2bb i?Bb rBi?  MQM@bTmimK #b2/ #BQb2MbQ`X h?2
7QHHQrBM; b2+iBQMb `2pB2r #BQb2MbQ`b M/ Bib `2H2pM+v iQr`/b i?2 7mH}HK2Mi Q7 i?Bb T`QD2+iX
kXj "BQb2MbQ`b
h?2 /2}MBiBQM Q7 #BQb2MbQ`b p`v- #mi BM i?Bb +QMi2ti Bi Bb +QKTQb2/ Q7  #BQHQ;B+H `2+Q;@
MBiBQM 2H2K2Mi #QmM/ iQ  i`Mb/m+2` i?i 2Bi?2` T`Q/m+2b Q` BM~m2M+2b  bB;MHX h?Bb
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bB;MH Bb bm#D2+i iQ i?2 #QmM/ 2H2K2Mi `2+iBM; rBi? M MHvi2 M/ i?2 +QM+2Mi`iBQM Q7
i?Bb MHvi2X h?2 #BQHQ;B+H `2+Q;MBiBQM 2H2K2Mi +QmH/ #2 M MiB#Q/v- M MiB@T`Qi2BM- Q`
.L (kd)X 6B;m`2 kX9 b?Qrb i?2 ivTB+H +QKTQM2Mib 7QmM/ BM M {MBiv #b2/ #BQb2MbQ`X
6B;m`2 kX9, *QKTQM2Mib Q7 M {MBiv #b2/ #BQb2MbQ` (kd)
h?2 i`Mb/m+2` ivT2 Bb /2}M2/ b i?2 K2+?MBbK mb2/ iQ /2i2+i i?2 +QM+2Mi`iBQM Q7 i?2
MHvi2X  b2H2+iBQM Q7 T`2pBQmbHv /2p2HQT2/ #BQb2MbQ`b BM HBi2`im`2 rBHH #2 /Bb+mbb2/X
kXjXR *m``2Mi #BQb2MbQ`b
h?2`2 2tBbib KMv ivT2b Q7 #BQb2MbQ`b rBi? MmK2`Qmb b2MbBM; i2+?MB[m2bX h?2b2 BM+Hm/2
Kbb #b2/- 2H2+i`Q+?2KB+H- M/ QTiB+H #BQb2MbQ`b (k3)X h?2b2 +M i?2M #2 7m`i?2` +HbbB@
}2/ #v i?2 ivT2 Q7 #BQ`2+Q;MBiBQM 2H2K2Mi mb2/ 7Q` /2i2+iBQM Q7 i?2 #BQK`F2`X :`B2b?#2`
2i HX (kN) /B/  `2pB2r Q7 i?2 bm#D2+i Q7 2H2+i`Q+?2KB+H #BQb2MbQ`b M/ +QM+Hm/2/ i?i
i?2b2 bvbi2Kb- bm+? b i?2 rB/2Hv pBH#H2 ;Hm+Qb2 b2MbQ`b- /Q MQi ?p2 i?2 /`r#+F
Q7 ?pBM;  ?B;? b2imT +Qbi Q` +QKTH2tBivX 1H2+i`Q+?2KB+H b2MbQ`b ?p2  ?B;? b2H2+iBp@
Biv- `Q#mbiM2bb- b2MbBiBpBiv- M/ +M #2 KBMBim`Bb2/ iQ #2 mb2/ b  TQBMi@Q7@+`2 /2pB+2X
h?2`2 2tBbib  M22/ iQ /2p2HQT i?2b2 b2MbQ`b rBi? i?2 ;QH Q7 KBMBim`BbiBQM iQ B/ BM i?2
bB;MH iQ MQBb2 `iBQ- bBM+2 i?2 2H2+i`Q+?2KB+H 2z2+i Bb BM/2T2M/2Mi Q7 i?2 pQHmK2 Q7 i?2
bKTH2X h?Bb bim/v BKb iQ /Bb+mbb /Bz2`2Mi 2H2+i`Q+?2KB+H K2i?Q/b mb2/ BM HBi2`im`2X
J?iQ 2i HX (jy) /Bb+mbb2/ /Bz2`2Mi 2H2+i`Q+?2KB+H b2MbBM; i2+?MB[m2b mb2/ iQ TQi2M@
iBHHv /B;MQb2 +M+2`X 1H2+i`Q+?2KB+H i2+?MB[m2b `2 +HbbB}2/ b TQi2MiBQK2i`B+- KT2`@
QK2i`B+- BKT2/BK2i`B+- M/ pQHiKK2i`B+X  #BQb2MbQ` mb2/ 7Q` 2H2+i`Q+?2KB+H /2i2+iBQM
Bb +QKKQMHv +QKT`Bb2/ Q7 i?`22 2H2+i`Q/2bX h?2b2 `2 i?2 rQ`FBM;- b2+QM/`v Q` +QmMi2`-
M/ `272`2M+2 2H2+i`Q/2b (jR)X
h?2 rQ`FBM; 2H2+i`Q/2 +QMbBbi Q7  +QM/m+iBp2 Ki2`BH i?i Bb  +?2KB+HHv bi#H2 bQHB/-
7Q` 2tKTH2 +`#QM- THiBMmK- Q` ;QH/X h?2 `272`2M+2 2H2+i`Q/2 mbmHHv Bb bBHp2` K2iH
+Qi2/ rBi?  Hv2` Q7 bBHp2` +?HQ`B/2- M/ i?2 +QmMi2` 2H2+i`Q/2  rB`2 K/2 Q7 THiBMmKX
h?2 +QmMi2` 2H2+i`Q/2 b2`p2b b i?2 +QMM2+iBQM iQ i?2 bQHmiBQM bQ i?i  +m``2Mi +QmH/ #2
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TTHB2/ iQ i?2 rQ`FBM; 2H2+i`Q/2X h?2 `272`2M+2 2H2+i`Q/2 Bb F2Ti i  /BbiM+2 rBi?BM i?2
HB[mB/ iQ KBMiBM  bi#H2 M/ FMQrM `272`2M+2 pQHi;2 (kN)X h?2 rQ`FBM; 2H2+i`Q/2 Bb
7mM+iBQMHBb2/ M/ +QmTH2/ rBi?  T?vbB+?2KB+H i`Mb/m+2`X h?Bb T`Q/m+2b  bB;MH #v
BM+`2bBM; i?2 2H2+i`QM KQ#BHBiv (jk)X M /pMi;2b Q7 2H2+i`Q+?2KB+H /2i2+iBQM i2+?@
MB[m2b Bb i?i i?2 K2bm`2K2Mib `2 MQi z2+i2/ #v i?2 Ki`Bt 2z2+i- M/ bBM+2 Bi Bb
2H2+i`QMB+ i?2`2 Bb MQ +QHQm` BMi2`72`2M+2X h?Bb KF2b Bi TQbbB#H2 iQ i2bi HB[mB/b i?i Kv
?p2 ?BM/2`2/ QTiB+H i2bib (jj)X
SQi2MiBQK2i`B+ 2H2+i`Q+?2KB+H i2+?MB[m2b Bb iQ K2bm`2 i?2 TQi2MiBH i i?2 rQ`FBM;
2H2+i`Q/2 r?2M HBiiH2 iQ MQ +m``2Mi Bb ~QrBM; i?`Qm;? i?2 b2imTX h?2b2 ivT2 Q7 b2MbQ`b `2
mb2/ iQ /2i2+i 2H2+i`Q`2+iBp2 ;2Mib- T`Qi2BMb- M/ K2i#QHBi2b (jy)X  +QKKQM 2tKTH2
Q7 i?Bb ivT2 Q7 b2MbQ` Bb  ;Hbb 2H2+i`Q/2 T> K2i2`X "v BKKQ#BHBbBM;  #BQHQ;B+H ;2Mi
iQ i?2 bm`7+2 Q7 i?2 2H2+i`Q/2 i?i 7Q`Kb M/ BQM #v +iHvbBM;  `2+iBQM- i?2b2 b2MbQ`b
+M K2bm`2 i?2 `2+iBQM #v b2MbBM; i?2b2 BQMb (j9)X h?2 BM/B`2+i K2bm`2K2Mi Q7 i?2
#BQKii2` HBMF2/ iQ i?2 bm`7+2 rb K2MiBQM2/ #v EQM+FB (j8)- r?2`2 Bi rb bm;;2bi2/
i?i i?Bb K2i?Q/ #2 mb2/ iQ T`272`#Hv bim/v i?2 Mim`2 Q7 BQMbX h?2 bB;MH ;2M2`i2/
#v TQi2MiBQK2i`B+ K2i?Q/b Bb BM~m2M+2/ #v MQM@bT2+B}+ /bQ`TiBQM r?B+? ?p2  /B`2+i
BM~m2M+2 QM i?2 BKKQ#BHBb2/ #BQKii2`X q?2M mbBM;  H#2H #b2/ bvbi2K iQ BKT`Qp2
i?Bb- KT2`QK2i`B+ K2i?Q/b `2 T`272``2/X
AMQm2 2i HX (je) mb2/ KT2`QK2i`v iQ /2p2HQT M 2H2+i`Q+?2KB+H BKKmMQ+?`QKiQ;`T?B+
bbv iQ /2i2+i i?2 +QM+2Mi`iBQM Q7 i2biQbi2`QM2X lbBM; T?QiQHBi?Q;`T?v- i?2v 2i+?2/ 
i?`22@2H2+i`Q/2 ;QH/ +?BTX h?2 bbv T`BM+BTH2 Bb b?QrM BM 6B;m`2 kX8X
6B;m`2 kX8, h2biQbi2`QM2 bbv mbBM; KT2`QK2i`v (je)
h?2 bbv mb2/  +QKT2iBiBp2 BKKmMQbbv K2i?Q/ r?2`2  +QMi`QHH2/ ?Q`b2`/Bb?@
T2`QtB/b2 U>_SV H#2HH2/ i2biQbi2`QM2 +QKT2i2/ ;BMbi THBM i2biQbi2`QM2 7Q` #BM/BM;
bBi2b QM  MBi`Q+2HHmHQb2 K2K#`M2 M2` i?2 i`Mb/m+2`X 7i2` i?2 >_S@i2biQbi2`QM2 M/
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i2biQbi2`QM2 KBtim`2 ~Qr2/ i?`Qm;? i?2 MBi`Q+2HHmHQb2 bi`BT-  b[m`2 rb +mi 7`QK i?2
MBi`Q+2HHmHQb2 i2bi HBM2- TH+2/ QM i?2 rQ`FBM; 2H2+i`Q/2- M/ T`2bb2/ /QrM rBi?  ;Hbb
bHB/2 b BM 6B;m`2 kX8X  +Bi`B+ +B/ #mz2` +QMiBMBM; 6+P> M/ ?v/`Q+?HQ`B+ +B/ U>kPkV
rb /`QTT2/ QM i?2 b2MbBM; `2 rBi?  H#Q`iQ`v TBT2ii2X h?2 7QHHQrBM; `2+iBQM iQQF
TH+2 BM i?2 #mz2`- BM/m+2/ #v i?2 >_S rBi?
2FcOH + H2O2 + 2H
+ −−→ 2Fc+OH+ 2F2O, UkXRV
M/ i?2M
Fc+OH+ e− −−→ FcOH, UkXkV
i i?2 rQ`FBM; 2H2+i`Q/2X h?2 rQ`FBM; 2H2+i`Q/2 TQi2MiBH p2`bmb i?2 `272`2M+2 2H2+i`Q/2Ƕb
rb F2Ti i @yXj oX h?2 +m``2Mi T`Q/m+2/ #v i?2 `2+iBQM b2`p2/ b i?2 BM/B+iQ` Q7
i?2 [mMiBiv Q7 >_S i?i rb +Tim`2/ #v i?2 MiB#Q/B2b- r?B+? BM im`M BM/B+i2/ i?2
+QM+2Mi`iBQM Q7 i?2 i2biQbi2`QM2X 6B;m`2 kXe b?Qrb i?2 +m``2Mi K2bm`2K2Mi i i?2
rQ`FBM; 2H2+i`Q/2 7Q` /Bz2`2Mi +QM+2Mi`iBQMb Q7 i2biQbi2`QM2X
6B;m`2 kXe, _2bmHib Q7 i2biQbi2`QM2 bbv mbBM; KT2`QK2i`v (je)
h?2 /Bz2`2Mi HBM2b BM 6B;m`2 kXeUV 2+? BM/B+i2 i?2 `2/m+iBQM +m``2Mi i /Bz2`2Mi +QM@
+2Mi`iBQMb Q7 i2biQbi2`QM2X h?2 #mz2` ?/  T> Q7 9X8X h?Bb +QmH/ #2  HBKBiBM; 7+i
r?2M rQ`FBM; rBi? T`Qi2BMbX h?2 T> iQ T`2p2Mi T`Qi2BM /2Mim`iBQM Bb ivTB+HHv `QmM/
d (jd)X
bb2bbBM; i?2 `2bmHib Q7 6B;m`2 kXe- i?2 /Bz2`2M+2 BM i?2 K;MBim/2 Q7 i?2 +m``2Mi `M;2b
BM i?2 MMQ `M;2X h?Bb Bb /m2 iQ i?2 Mim`2 Q7 i?2 i2bi- r?2`2 i?2 +m``2Mi Bb ;2M2`i2/ #v
bTQMiM2Qmb `2+iBQM /m2 iQ i?2 TTHB2/ TQi2MiBHX h?Bb H2p2H Q7 +m``2Mi K2bm`2K2Mib Bb
T`QM2 iQ MQBb2 /Bbim`#M+2b B7 i?2 ;`/2 Q7 i?2 K2bm`2K2Mi /2pB+2 Bb MQi bm{+B2MiX M@
Qi?2` /Bb/pMi;2 Q7 KT2`QK2i`v Bb i?2 T`2b2M+2 Q7 i?2 +iHvbiX A7 i?2 i`;2i KQH2+mH2
Bb MQi 2H2+i`Q+?2KB+HHv +iBp2- i?2 mb2 Q7  H#2H Bb `2[mB`2/ iQ rQ`F b  +iHvbi 7Q` i?2
#mz2` `2+iBQMb iQ Q++m`X
AM i?2B` `2pB2r- _QMFBM2M 2i HX (j9) bii2/ i?i KT2`BQK2i`B+ #b2/ #BQb2MbQ`b ?p2
BM+`2b2/ b2H2+iBpBiv #2+mb2 i?2 }t2/ `272`2M+2 iQ rQ`FBM; TQi2MiBH Bb mMB[m2 7Q` 2+?
MHvi2 ivT2X h?Bb Bb bmTTQ`i2/ #v i?2 rQ`F /QM2 #v AMQm2 2i HX (je)- b2iiBM; i?2 pQHi;2
`2HiBQMb?BT iQ @yXj oX h?2 b2MbQ` rb +?`+i2`Bb2/ #v mbBM; +v+HB+ pQHKK2i`vX h?2v
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}`bi T`Qp2/ i?i i?2 2H2+i`Q/2b r2`2 bi#H2 BM i?2 #mz2` bQHmiBQM BM i?2 #b2M+2 Q7 i?2
>_S@H#2HH2/ i2biQbi2`QM2X #v i?2 `2T2i#BHBiv Q7 i?2 +v+HB+ pQHiKK2i`v +m`p2bX h?2
M2ti bi2T rb iQ // >_S@H#2HH2/ i2biQbi2`QM2 M/ KQMBiQ`2/ i?2 +?M;2 BM i?2 pQHiK@
KQ;`KbX "b2/ QM i?2 +?M;2b- i?2 T`K2i2`b Q7 i?2 KT2`QK2i`v r2`2 /2`Bp2/X h?2
/2`BpiBQM T`Q+2bb rQmH/ #2 mMB[m2 7Q` HH pQHiKK2i`v@iQ@KT2`QK2iv b2MbQ`b- #mi T`Q@
pB/2b BMBiBiBp2 iQ Tm`bm2 i?2 TQbbB#BHBiv Q7 #Qi? K2bm`2K2Mi i2+?MB[m2bX _QMFBM2M 2i
HX (j9) `2+QKK2M/2/ mbBM; BMi2`/B;Bii2/ 2H2+i`Q/2b iQ 2M#H2 i?2 +v+HBM; Q7 i?2 `2/Qt
T`Q+2bb Q7 i?2 2MxvK2X h?Bb rQmH/ 2M#H2 i?2 2MxvK2b iQ +QMi`B#mi2 iQ i?2 +m``2Mi KQ`2
i?M QM+2- 2M#HBM; HQr2` HBKBib Q7 /2i2+iBQMX
oQHiKK2i`v 2H2+iQ+?2KB+H i2+?MB[m2b BM+Hm/2 +v+HB+ U*oV- HBM2` br22T UGaoV- b[m`2
rp2 UaqoV- bi`BTTBM; UaoV- M/ /Bz2`2MiBH TmHb2 pQHiKK2i`v U.SoVX Ai Bb i?2 /vMKB+
K2bm`2K2Mi Q7 +m``2Mi ~QrBM; p2`bmb i?2 +QMi`QHH2/ pQHi;2 +?M;2 (jR)X *v+HB+ pQHiK@
K2i`v Bb  HBM2` TQi2MiBH br22T #2ir22M M mTT2` M/ HQr2` TQi2MiBH- br2Ti KmHiBTH2
iBK2b mTr`/b M/ /QrMr`/bX a[m`2 rp2 pQHiKK2i`v Bb  TmHb2/ b[m`2 rp2 rBi?
 b2i 7`2[m2M+v- bmT2`BKTQb2/ QM  bi2T 7mM+iBQMX h?Bb Bb ivTB+HHv br2Ti 7`QK  ?B;?2`
TQi2MiBH iQ  HQr2` TQi2MiBH M/ i?2 +m``2Mi bKTHBM; Bb /QM2 i i?2 2M/ Q7 2+? TmHb2X
ai`BTTBM; pQHiKK2i`v BMpQHp2b  HBM2` TQi2MiBH br22T rBi?  T`2TTHB2/ TQi2MiBH bi2T
iQ +H2M M/ 2H2+i`QTHi2 i?2 2H2+i`Q/2bX .Bz2`2MiBH TmHb2 pQHiKK2i`v Bb i?2 bK2 b
aqo- #mi rBi? i?2 +m``2Mi bKTHBM; i i?2 #2;BMMBM; Q7 2+? TmHb2X
w?M; 2i HX (j3) #mBHi M BMi2`72`QM@;KK@#b2/ BM/BmK iBM QtB/2 UAhPV /2i2+iQ` 7Q`
Hi2Mi im#2`+mHQbBbX h?2 /2i2+iBQM K2i?Q/ /2THQv2/ BM i?Bb +b2 rb /Bz2`2MiBH TmHb2
pQHiKK2i`vX h?2 7#`B+iBQM bi2Tb Q7 i?2 AhP b2MbQ` `2 b?QrM BM 6B;m`2 kXdX
6B;m`2 kXd, 6#`B+iBQM bi2Tb Q7 M AhP b2MbQ` (j3)
h?2 BMi2`72`QM ;KK UA6L@γ V +i2/ b  `2bBbiBp2 2H2K2Mi- /2+`2bBM; i?2 T2F +m``2Mib
`2HiBp2 iQ i?2 +QM+2Mi`iBQM Q7 i?2 A6L@γ T`2b2MiX
M BMi2`2biBM;- M/ `2H2pMi iQTB+ T`2b2Mi2/ #v i?Bb TT2` Bb i?i i?2 T2`7Q`KM+2 Q7
M 2H2+i`Q+?2KB+H b2MbQ` +QmH/ M/ rBHH #2 z2+i2/ #v 2ti2`MH 7+iQ`bX h?2v iQQF BMiQ
++QmMi i?2 T> Q7 i?2 bQHmiBQM- bm``QmM/BM; i2KT2`im`2- M/ BM+m#iBQM iBK2 Q7 i?2
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A6L@γ X h?2B` MHvbBb HQQF2/ i i?2 /Bz2`2Mi .So +m``2Mi T2Fb i i?2b2 p`vBM; +QM/B@
iBQMbX h?2v 7QmM/ i?i 7Q` i?2B` b2MbQ`  T> Q7 dXy rb B/2H- M/  +Q``2bTQM/BM; S"a
#mz2` rb mb2/X h?2 B/2H QT2`iBM; i2KT2`im`2 rb 7QmM/ iQ #2 j8ê* 7Q` i?2 HQr2bi
.So +m``2Mi T2FbX h?2 BM+m#iBQM iBK2 rb b2i iQ irQ ?Qm`b- #2+mb2 i?2 b2MbQ` #2+K2
bim`i2/ 7i2` i?Bb iBK2 M/ Bi K/2 HBiiH2 /Bz2`2M+2 rBiBM; HQM;2` i?M i?BbX
AM  Hi2` bim/v /QM2 #v w?M; 2i HX (jN)- i?2 +QM/BiBQMb r2`2 7QmM/ iQ #2 [mBi2 bBKB@
H`X  T> Q7 dXy M/ M BM+m#iBQM iBK2 Q7 j8 KBMmi2b r2`2 7QmM/ iQ #2 QTiBKHX h?2
Qi?2` +QM/BiBQMb r2`2 MQi +QMbB/2`2/ BM i?2 Tm#HB+iBQMX h?2v /B/ iF2 BMiQ ++QmMi i?2
+QM+2Mi`iBQMb Q7 i?2 2H2K2Mib i?i T`iB+BTi2/ BM i?2 QtB/iBQM M/ `2/m+iBQM `2+iBQMbX
h?2 .So K2bm`2K2Mib r2`2 K/2 BM  yXR J S"a #mz2` rBi? /Bz2`2Mi +QM+2Mi`iBQMb
Q7 >v/`Q[mBMQM2 U>ZV M/ >kPkX h?2 b2MbQ` /2p2HQT2/ Bb ;Bp2M BM 6B;m`2 kX3X
6B;m`2 kX3, 6#`B+iBQM bi2Tb Q7 M AhP A6L@γ 2H2+i`Q+?2KB+H b2MbQ` (jN)
h?2 rQ`FBM; T`BM+BTH2 Q7 i?2 bbvb /2p2HQT2/ 2z2+iBp2Hv Bb i?2 bK2 b i?i /2p2HQT2/
#v AMQm2 2i HX (je)- rBi? i?2 /Bz2`2M+2 i?i i?Bb `2+iBQM rb TQi2MiBH /`Bp2M M/ MQi
bTQMiM2QmbX h?2 +?2KB+H 2[miBQMb r2`2 ;Bp2M b
H2O2 +HRPRED −−→ H2O+HRPOX, UkXjV
HRPOX +HQRED −−→ HRPRED +HQOX, UkX9V
HQOX + 2H
+ + 2 e− −−→ HQRED, UkX8V
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rBi?  M2i `2+iBQM Q7
H2O2 + 2 e
− + 2H+ −−→ 2H2O. UkXeV
h?2 HBM2` /2i2+iBQM `M;2 7Q` i?2 b2MbQ`b rb `2TQ`i2/ iQ #2 yXR T;fKH iQ Ry M;fKHX
;BM- Bi +M #2 b22M i?i i?2 H#2H THv2/ M BKTQ`iMi `QH2 b Bi rb QtB/Bb2/ #v i?2
?v/`Q;2M T2`QtB/2X 62i?B 2i HX (9y) /2p2HQT2/  H#2H 7`22 2H2+i`Q+?2KB+H #BQb2MbQ` iQ
B/ BM i?2 /B;MQbBb Q7 h" #v /2i2+iBM; /Bz2`2Mi +QM+2Mi`iBQMb Q7 1ah@eX
h?2 MiB@1ah@e MiB#Q/B2b r2`2 BKKQ#BHBb2/ QM  ;QH/ b+`22M T`BMi2/ 2H2+i`Q/2 Q7 
+QKK2`+BH b2MbQ`- mbBM;  b2H7@bb2K#H2/ i?BQH Hv2`X h?2 b2MbQ`b mb2/ r2`2 .`QTa2Mb
b+`22M T`BMi2/ 2H2+i`Q/2 /BbTQb#H2 2H2+i`Q+?2KB+H b2MbQ`b U.`QTa2Mb- aTBMVX 7i2` i?2
+Tim`2 Q7 i?2 1ah@e MiB;2M- i?2 2H2+i`Q/2b r2`2 MHvb2/ rBi? b[m`2 rp2 pQHiK@
K2i`v M/ i?2 `2bmHib `2 ;Bp2M BM 6B;m`2 kXNX h?2 bim/v 2pHmi2/ i?2 /Bz2`2Mi bm`7+2
+?M;2b #2ir22M /Bz2`2Mi 2tT2`BK2Mib rBi? aqo iQ BM/B+i2 B7 i?2 2z2+ib r2`2 bm++2bb7mH
#v +QKT`BM; i?2 +?M;2 BM T2Fb #2ir22M i?2 bi;2bX
6B;m`2 kXN, 1ah@e 2H2+i`Q+?2KB+H b2MbQ` MHvb2/ rBi? b[m`2 rp2 pQHiKK2i`v (9y)
h?2 `2TQ`i2/ /2i2+iBQM HBKBi rb d M;fKHX M BMi2`2biBM; +QKK2Mi iQ #2 K/2 #Qmi i?2
aqo `2bmHib BM 6B;m`2 kXN Bb i?i i?2 +m``2Mi rb ;Bp2M b  7mM+iBQM Q7 i?2 2H2+i`Q/2 `2X
h?Bb Bb i?2 +m``2Mi /2MbBiv Q7 i?2 K2bm`2K2Mib- M/ MQi i?2 +imH +m``2Mi K2bm`2/X h?2
/BK2i2` Q7 i?2 rQ`FBM; 2H2+i`Q/2 rb `2TQ`i2/ iQ #2 9 KK- i?mb i  T2F +m``2Mi /2MbBiv
Q7 TT`QtBKi2Hv ked ƒf+K2 rQmH/ K2M i?i i?2 K2bm`2/ T2F +m``2Mi rb jjXe ƒX
h?2 T2F +m``2Mib `2+Q`/2/ rBi? i?2 MiB;2M T`2b2Mi rb QMHv ;`T?B+HHv `2TQ`i2/X h?2
+m``2Mi /2MbBiv `M;2 b22Kb iQ #2 TT`QtBKi2Hv RNy ƒf+K2 iQ kdy ƒf+K2- K2MBM;
i?i i?2 K2bm`2/ +m``2Mib `M;2/ #2ir22M kjXN M/ jjXN ƒX q?2M +QKT`BM; i?Bb iQ
i?2 `2bmHib Q7 MQi?2` bim/v /QM2 #v 1Bbb 2i HX (9R)- i?2 `2bmHib b22K iQ #2 +QKT`#H2X
1Bbb 2i HX mb2/ i?2 bK2 ivT2 Q7 2H2+i`Q+?2KB+H b2imT iQ /2i2+i M mMH#2HH2/ bm`pBpH
KQiQ` M2m`QM UaJLV T`Qi2BM- #mi rBi? +`#QM MMQ}#`2b b i?2 2H2+i`Q/2 Ki2`BHX h?2
`2bmHib `2 ;Bp2M BM 6B;m`2 kXRyX
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6B;m`2 kXRy, aJL 2H2+i`Q+?2KB+H b2MbQ` MHvb2/ rBi? b[m`2 rp2 pQHiKK2i`v (9R)
h?2 +m``2Mi `M;2 7Q` i?2b2 i2bib `M;2/ 7`QK TT`QtBKi2Hv e ƒ iQ jj ƒX h?2 /2i2+iBQM
HBKBi 7Q` i?Bb bim/v rb yXd8 T;fKHX
kXjXk 1H2+i`Q+?2KB+H +`QbbHBMFBM;
6Q` {MBiv #BQb2MbBM; TTHB+iBQMb-  +`BiB+H +QKTQM2Mi Bb i?2 HBMFBM; Q7 i?2 MiB#Q/v iQ
i?2 i`Mb/m+2`X h?2`2 `2 KmHiBTH2 BKKQ#BHBbiBQM i2+?MB[m2bX h?2b2 BM+Hm/2 /bQ`TiBQM-
+QpH2Mi #QM/BM;- 2Mi`TK2Mi- +`QbbHBMFBM;- 2M+TbmHiBQM- M/ r?QH2 +2HH BKKQ#BHBbiBQMX
*QpH2Mi #QM/BM; Bb i?2 KQbi +QKKQM 7Q` #BQ`2+2TiQ` KQH2+mH2b #2+mb2 Q7 i?2 bi`QM;
HBMF;2b M/ i?2 rB/2 TTHB+#BHBiv (9k)X
*QpH2Mi K2i?Q/b BM+Hm/2 /BxQMBmK BQM `2/m+iBQM- i?2`KH M/ T?QiQ+?2KB+H KQ/B}+@
iBQMb- KBM2 M/ +`#QtvHi2 QtB/iBQM- M/ ǳ+HB+FǴ +?2KBbi`v (9j)X h?2 KQbi /2p2HQT2/
M/ i2bi2/ K2i?Q/ TT2`b iQ #2 i?2 /BxQMBmK BQM `2/m+iBQM i2+?MB[m2X `vH /BxQMBmK
bHi ?b #22M mb2/ BM KMv bim/B2b iQ KQ/B7v i?2 bm`7+2 Q7 i?2 i`Mb/m+2` Q7 #BQb2MbQ`b
iQ +QpH2MiHv #QM/ i?2 b2MbBM; 2H2K2MiX SQHbFv 2i HX (99) `2TQ`i2/ 2H2+i`Q+?2KB+HHv BK@
KQ#BHBbBM; 2MxvK2@HBF2/ ?Q`b2`/Bb? T2`QtB/b2 iQ M 2H2+i`Q/2X h?2 /pMi;2b Q7 mbBM;
bm+?  i2+?MB[m2 Bb i?2 T`2T`iBQM Bb 2bv- i?2 +QpH2Mi #QM/BM; iQ i?2 bm`7+2 Bb bi@
#H2- M/ i?2 TQi2MiBH Q7 #BM/BM; i?2 T`Qi2BM bTiBHHv QMiQ KBMBim`2 2H2+i`Q/2b@``vbX
h?2 b2imT 2M#H2b /B`2+i 2H2+i`QM i`Mb72` #2ir22M i?2 2MxvK2 M/ i?2 2H2+i`Q/2- r?B+?
bBKTHB}2b i?2 MHvbBb T`Q+2/m`2X "Qm`/BHHQM 2i HX (98) BKKQ#BHBb2/ ;Hm+Qb2 QtB/b2 QM
;Hbbv +`#QM /BbFb #v +QpH2MiHv #BM/BM; Bi iQ A@T?2MvH+2iB+ +B/ /BxQMBmK ~mQ`Q#Q`i2
R mbBM;  ?QK2@#mBHi TQi2MiBQbiiX
h?2 2H2+i`Q+?2KB+H K2i?Q/ BM r?B+?  /BxQMBmK bHi Bb #QmM/ QM iQ i?2 bm`7+2 Q7
i?2 bm#bi`i2 Bb +HH2/ 2H2+i`Q;7iBM; (9e)X h?2 bm#bi`i2 UbBHB+QM- +`#QM- Q`  K2iHV Bb
b2i mT b i?2 +i?Q/2 #v mbBM;  TQi2MiBQbiiX h?2 K2i?Q/ BMpQHp2b /BbbQHpBM;  /BxQ@
MBmK bHi BM M T`QiB+ K2/BmK +QMiBMBM;  bmTTQ`iBM; 2H2+i`QHvi2 Q` M +B/B+ [m2Qmb
K2/BmKX h?2 /BxQMBmK bHi Bb i?2M `2/m+2/ M/ i?2 bm`7+2 Q7 i?2 rQ`FBM; 2H2+i`Q/2 Bb
mb2/ b  +i?Q/2X h?2 pQHi;2 Q7 i?2 +i?Q/2 Bb b2i iQ i?2 TQi2MiBH Q7 i?2 /BxQMBmK
bHiǶb pQHiKK2i`B+ T2F- Q` iQ  KQ`2 +i?Q/B+ TQi2MiBH 7Q`  +2`iBM KQmMi Q7 iBK2X
qb?BM; bi2Tb Kv 7QHHQr iQ `2KQp2 i?2 2t+2bb bHi M/ i?2 r2F2` #QM/b (9j)- (9d)X
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 bm#D2+i Q7 KQ`2 BMi2`2bi rQmH/ #2 i?2 BKKQ#BHBbiBQM Q7 MiB#Q/B2b- bBM+2 i?Bb HB;Mb
rBi? i?2 #BQK`F2` #b2/ bbvb ;Bp2M #v i?2 q>P :HQ#H h" X h?Bb Bb MQi HBKBi2/ iQ
MiB#Q/B2b bBM+2 .L- T2TiB/2b- M/ r?QH2 +2HHb +M #2 BKKQ#BHBb2/ QMiQ 2H2+i`Q/2b mbBM;
i?2 2H2+i`Q;`7iBM; i2+?MB[m2 (93)X PM2 TT`Q+? mb2/ #v *Q`;B2` 2i HX (9N) rb iQ }`biHv
+QMDm;i2 9@+`#QtvK2i?vHMBHBM2 iQ BKKmMQ;HQ#mHBM : UA;:V MiB#Q/B2b- 7QHHQr2/ #v i?2
/BxQiBxiBQM Q7 i?2 +QMDm;i2 iQ i?2 bm`7+2 Q7 i?2B` ;`T?Bi2 2H2+i`Q/2bX h?2 b2[m2M+2 Bb
;Bp2M BM 6B;m`2 kXRRX
6B;m`2 kXRR, MiB#Q/v H`2/v ii+?2/ iQ i?2 /BxQMBmK bHi #27Q`2 BKKQ#BHBbiBQM (9N)
1Bbb 2i HX (9R) /2p2HQT2/  b2MbQ` 7Q` i?2 /2i2+iBQM Q7 bm`pBpH KQiQ` M2m`QM UaJLV
T`Qi2BM mbBM; b+`22M T`BMi2/ 2H2+i`Q/2bX h?2 /Bz2`2M+2 #2ir22M i?2 rQ`F /QM2 #v 1Bbb 2i
HX M/ *Q`;B2` 2i HX Bb i?i i?2 7Q`K2` }`biHv KQ/B}2/ i?2 bm`7+2 Q7 i?2 rQ`FBM; 2H2+i`Q/2-
7QHHQr2/ #v i?2 BKKQ#BHBbiBQM Q7 i?2 aJL T`Qi2BMX h?Bb rb /QM2 #v +iBpiBM; i?2
+`#QtvHB+ ;`QmTb rBi?  R@2i?vH@j@Uj@/BK2i?vHKBMQT`QTvHV +`#Q/BBKB/2 ?v/`Q+?HQ`B/2
U1.*V M/ L@?v/`Qtvbm++BMBKB/vH@9@xB/QbHB+vHB+ +B/ UL>aV #mz2`X h?Bb Bb b?QrM BM
6B;m`2 kXRk- M/ +M #2 +QKT`2/ iQ i?2 K2i?Q/ 7QHHQr2/ #v *Q`;B2` 2i HX- 6B;m`2 kXRRX
6B;m`2 kXRk, .BxQMBmK bHi `2/m+iBQM QM bm`7+2 7QHHQr2/ #v BKKQ#BHBbiBQM (9R)
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1Bbb 2i HX (9R) mb2/  biM/`/ i?`22@2H2+i`Q/2 +QM};m`iBQM iQ K2bm`2 i?2 TQi2MiBH
+?M;2 BM i?2B` rQ`FBM; bm#bi`i2X h?2 2H2+i`Q/2b r2`2 BM HH +b2b  7Q`K Q7 +`#QMX
h?2b2 r2`2 +`#QM b+`22M T`BMi2/- bBM;H2 rHH2/ +`#QM MMQim#2b- KmHiB rHH2/ +`#QM
MMQim#2b- ;`T?2M2- ;`T?2M2 QtB/2- M/ +`#QM MMQ}#`2bX h?2 +QmMi2` 2H2+i`Q/2 rb
+QKTQb2/ Q7  bBKBH` +`#QM bi`m+im`2- M/ i?2 `272`2M+2 2H2+i`Q/2 bBHp2`X  `272`2M+2
2H2+i`Q/2 ?b iQ ?p2  bi#H2 `272`2M+2 TQi2MiBH rBi? iBK2 M/ i2KT2`im`2- M/ MQi
z2+i2/ #v bKHH bvbi2K /Bbim`#M+2b (8y)X
1Bbb 2i HX (9R) 7mM+iBQMHBb2/ i?2 rQ`FBM; 2H2+i`Q/2b #v i?2 2H2+i`Q`2/m+iBQM Q7 9@+`#QtvHT2MvH
/BxQMBmK bHi mbBM; b+MMBM; *oX h?2 pQHi;2 rb p`B2/ BM  `M;2 Q7 @yXe o iQ yXk o
rBi?  `i2 Q7 Ryy Kofb−1X h?2v mb2/  TQi2MiBQbii iQ `2+Q`/ i?2 +v+HB+ pQHiKK2i`v
M/ b[m`2 rp2 pQHiKK2i`v 2H2+i`Q+?2KB+H K2bm`2K2MibX
M BMi2`2biBM; Q#b2`piBQM K/2 #v 1Bbb 2i HX rb i?2 KQmMi Q7 +v+H2b Bi iQQF /Q
7mHHv KQ/B7v i?2 /Bz2`2Mi bm`7+2bX h?2 +v+H2b `2 b?QrM BM 6B;m`2 kXRj
6B;m`2 kXRj, am++2bbBp2 +v+HB+ pQHiKK2i`v /BxQMBmK b+Mb 7Q` /Bz2`2Mi +`#QM 2H2+i`Q/2b
(9R)
Ai rb MQi2/ i?i i?2 2H2+i`Q/2b rBi?  H`;2` bm`7+2 `2 `2[mB`2/ KQ`2 +v+H2b iQ `2+?
bim`iBQMX h?2 bm++2bbBp2 +v+H2b HbQ T`Q;`2bbBp2Hv /BKBMBb?2/ i?2 i?2 +i?Q/B+ T2Fb
Ub22M i TT`QtBKi2Hv @yXj iQ @yXk o BM HH +b2bVX h?Bb Bb /m2 iQ i?2 +Qp2`;2 Q7 i?2
bm`7+2 rBi?  }HK Q7 i?2 bHi- bim`iBM; i?2 mb#H2 #BM/BM; `2b rBi? 2+? +v+H2X h?2
bK2 `2bmHib ?p2 #22M `2TQ`i2/ #v "ûHM;2` M/ SBMbQM- M/ *Q`;B2` 2i HX
aQK2 /`r#+Fb Q7 mbBM; `vH/BxQMBmK BQM `2/m+iBQM i2+?MB[m2b iQ 7Q`K M Q`;MB+ Hv2`
Bb i?i i?2`2 Kv #2  KmHiBHv2` 7Q`KiBQM r?B+? vB2H/b  p`vBM; i?B+FM2bb /?2`2/
iQ i?2 2H2+i`Q/2 (8R)X h?2 7Q`KiBQM Q7 i?2 Hv2`b QM Tv`QHvx2/ T?QiQ`2bBbi USS6V r2`2
+?`+i2`Bb2/ #v M iQKB+ 7Q`+2 KB+`Qb+QT2 U6JV #v #Qi? "`QQFb#v M/ .QrM`/ (8R)
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M/ M`B# 2i HX (8k)- M/ i?2 KQMQHv2` rb `2TQ`i2/ iQ #2 M B``2p2`bB#H2 #BM/BM; Q7
`/B+Hb- #mi bm#D2+i iQ KmHiBHv2` 7Q`KiBQMX
kXjXj "BQK`F2`
h?Bb b2+iBQM ;Bp2b  b?Q`i /Bb+mbbBQM `2;`/BM; i?2 #BQK`F2` +?Qb2M 7Q` i?Bb T`QD2+iX Ai
rb /2+B/2/ i?i BMi2`72`QM ;KK rQmH/ #2 mb2/ b i?2 T`Qi2BM iQ #2 [mMiB}2/ #v i?2
#BQb2MbQ`X AMi2`72`QM ;KK Bb `2H2b2/ 7`QK *.9Y M/ *.3Y MiB;2M@bT2+B}+ h +2HHb
mTQM 2tTQbm`2 iQ im#2`+mHQbBbX h?Bb T`QT2`iv Bb HbQ mb2/ BM biM/`/ A:_b r?2`2 #HQQ/
Bb biBKmHi2/ rBi? h" MiB;2Mb Qp2`MB;?i iQ T`Q/m+2 i?2 T`Qi2BMX
AMi2`72`QM ;KK Bb MQi i?2 mHiBKi2 bQHmiBQM iQ h" /B;MQbiB+bX JMv /Bz2`2Mi bim/B2b
?p2 #22M /QM2 iQ }M/ i?2 TT`QT`Bi2 +QK#BMiBQM Q7 #BQbB;Mim`2b i?i rBHH T`QT2`Hv
BM/B+i2 i?2 BM72+iBQM Q7 BM i?2 ?Qbi #Q/v bT2+B}+HHv 7Q` im#2`+mHQbBbX h?2 +QKTH2t@
Biv Q7 i?2 /B;MQbBb Bb HbQ BM+`2b2/ r?2M +QMbB/2`BM; i?i h" ?b MQi QMHv QM2 bii2
Q7 BM72+iBQM, TmHKQM`v- 2ti`TmHKQM`v- r?B+? BM im`M +QmH/ #2 +iBp2 Q` Hi2Mi- i?2
/Bz2`2M+2 BM +?BH/`2M M/ /mHi `2bTQMb2b- M/ i?2 /Bz2`2Mi bi`BMb Q7 im#2`+mHQbBb (8j)X
hQ BHHmbi`i2 i?2 +QKTH2tBiv Q7 h" /B;MQbiB+b rBi? #BQK`F2`b- q2`;2HM/ 2i HX (89)
2tKBM2/ kd /Bz2`2Mi K`F2`b /2i2+i2/ BM Z6h bmT2`MiMib iQ /Bz2`2MiBi2 #2ir22M
i?2 bi;2b Q7 i?2 BM72+iBQM Q7 h" M/ +QM+Hm/2/ i?i i?2 `2bmHib r2`2 iQQ BM+QMbBbi2Mi
#2ir22M TiB2MibX *?2;Qm 2i HX (88) /B/ M 2ti2MbBp2 `2pB2r Q7 BM/BpB/mH #BQK`F2`b
i?i KB;?i #2 mb27mH 7Q` i?2 /2i2+iBQM Q7 Jv+Q#+i2`BmK im#2`+mHQbBb M/ bii2/ i?i
i?2 BMi2`+iBQM #2ir22M h" M/ i?2 BM72+i2/ ?Qbi Bb MQi v2i +QKTH2i2Hv mM/2`biQQ/X h?2
bK2 bim/v +QM+Hm/2/ i?i K`F2`b bm+? b BM/m+2/ T`Qi2BM Ry- BMi2`H2mFBM k- KQMQ+vi2
+?2KQii`+iMi T`Qi2BM R- KQMQ+vi2 +?2KQii`+iMi T`Qi2BM k- BMi2`H2mFBM R `2+2TiQ`
Mi;QMBbi M/ K+`QT?;2b BM~KKiQ`v T`Qi2BM@R#2i KB;?i #2 T`QKBbBM; 7Q` 7mim`2
rQ`F- b i?2v `2 BM/m+2/ BM ?B;? H2p2Hb r?B+? KF2b i?2K 2bB2` iQ miBHBb2 7Q` /B;MQbiB+bX
h?Bb bim/v Bb bT2+B}+HHv 7Q+mb2/ QM i?2 /2p2HQTK2Mi Q7  #BQb2MbQ` M/ Bib 7mM+iBQM@
HBiv +M i?2Q`2iB+HHv #2 2tTM/2/ iQ /Bz2`2Mi #BQ`2+Q;MBiBQM 2H2K2MibX h?Bb KF2b Bi 
p2`biBH2 iQQH iQ #2 /Ti2/ iQ /2i2+i /Bz2`2Mi ivT2b Q7 T`Qi2BMX h?2 DmbiB}+iBQM 7Q` i?Bb
#BQK`F2` Bb #2+mb2 Q7 Bib mb2 BM +QKK2`+BH /2pB+2b iQ /2i2+i im#2`+mHQbBbX
kXjX9 amKK`v
h?Bb b2+iBQM /Bb+mbb2/ p`BQmb ivT2b Q7 2H2+i`Q+?2KB+H /2i2+iBQM K2i?Q/b mb2/ BM HBi2`@
im`2X h?Bb BM+Hm/2b TQi2MiBQK2i`B+- KT2`QK2i`B+- M/ pQHKK2i`B+ /2i2+iBQM KQ/2bX
h?2 /Bz2`2M+2b r2`2 ?B;?HB;?i2/ M/ Bib BKTH2K2MiiBQM rb +`BiB+HHv /Bb+mbb2/X h?2
bm#D2+i Q7 2H2+i`Q+?2KB+H 2tT2`BK2Mib rb 2tTM/2/ iQ BM+Hm/2 i?2 iQTB+ Q7 +`QbbHBMFBM;X
aQK2 Q7 i?2 K2+?MB+b Q7 +`QbbHBMFBM; r2`2 /Bb+mbb2/ M/ /Bz2`2Mi K2i?Q/b r2`2 +QK@
T`2/X h?2 +?QB+2 Q7 #BQK`F2` Bb /Bb+mbb2/ M/ Bi rb +QM+Hm/2/ i?i Bi Bb  T`+iB+H
+?QB+2 7Q` i?2 Tm`TQb2 Q7 i?2 T`QD2+iX
kX9 S`QD2+i Q#D2+iBp2b
h?2 T`BK`v Q#D2+iBp2 Q7 i?2 T`QD2+i Bb iQ BMp2biB;i2 i?2 TQbbB#BHBiv Q7 /2i2+iBQM Q7 BM@
i2`72`QM ;KK rBi?  #BQb2MbQ` M/ /2p2HQT  T`QiQ+QH 7Q` i?Bb K2i?Q/X Ai rb /2+B/2/
i?i i?2 7Q+mb iQ +?B2p2 i?Bb Q#D2+iBp2 rQmH/ #2 QM 2H2+i`Q+?2KB+H b2MbBM; i2+?MB[m2b-
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#b2/ QM i?2 HBi2`im`2 T`2pBQmbHv /Bb+mbb2/X  `2pB2r Q7 i?2 i2+?MB[m2b Bb /QM2 BM i?2
7QHHQrBM; +?Ti2`X
h?2 b2+QM/`v Q#D2+iBp2 Bb iQ /2p2HQT  #BQb2MbQ` #b2/ QM i?2 }M/BM;b B7 BMi2`72`QM
;KK +M bm++2bb7mHHv #2 /2i2+i2/X h?2 ;QH Bb 2tTM/2/ iQ,
RX Ki+? Q` BKT`Qp2 QM i?2 }M/BM;b Q7 i?2 +QKK2`+BH b2MbQ`
kX #2 /2p2HQT2/ BM ?Qmb2 rBi? i?2 pBH#H2 `2bQm`+2b M/ 2[mBTK2Mi
jX #2 7#`B+i2/ 7`QK Ki2`BHb i?i /Q MQi `2[mB`2 bT2+BH i`2iK2Mi
9X #2 bBKTH2 M/ bi`B;?i7Q`r`/ BM /2bB;M
kX8 S`QTQb2/ K2i?Q/QHQ;v
h?2 T`QTQb2/ K2i?Q/QHQ;v iQ K22i i?2 Q#D2+iBp2b Q7 i?2 T`QD2+i Bb iQ }`biHv /2p2HQT i?2
#BQ+?2KB+H /2i2+iBQM Q7 BMi2`72`QM ;KK rBi?  +QKK2`+BH b2MbQ`X qBi? i?2 bm++2bb
Q7 i?Bb-  bBKBH` b2MbQ` +M #2 /2p2HQT2/ rBi? i?2 b2+QM/`v Q#D2+iBp2b BM KBM/X 
b?Q`i bmKK`v Q7 i?2 T`QTQb2/ K2i?Q/b `2 ;Bp2M ?2`2- 7QHHQr2/ #v  HBbi Q7 i?2 KBM
Ki2`BHb M/ `2;2MibX M 2tTM/2/ M/ /2iBH2/ /2b+`BTiBQM Q7 i?2 K2i?Q/b `2 ;Bp2M
BM *?Ti2` 9X
kX8XR J2i?Q/b
h?2 K2i?Q/b iQ #2 mb2/ #v i?Bb bim/v rb /2`Bp2/ 7`QK  MmK#2` Q7 /Bz2`2Mi bQm`+2bX
hFBM; BMiQ +QMbB/2`iBQM i?2 /Bz2`2Mi bT2+ib Q7  #BQb2MbQ`- i?2 7QHHQrBM; +M #2 bB/,
h`Mb/m+2`, h?2 T`QTQb2/ i`Mb/m+2` Bb  +`#QM MMQ}#`2 Ki- b mb2/ BM 1Bbb 2i HX
h?2 bim/v +K2 iQ i?2 +QM+HmbBQM i?i i?2 MMQ}#`2b QmiT2`7Q`K2/ Qi?2` 2H2+i`Q+?2KB+H
b2MbQ`b /m2 iQ i?2 ?B;? bm`7+2 `2 i?2 }#`2b T`QpB/2X
*`QbbHBMFBM;, h?2 +`QbbHBMFBM; 7QHHQrb i?2 T`QKBbBM; rQ`F Q7 /BxQMBmK bHi 2H2+i`Q@
;`7iBM; iQ i?2 b2MbQ` bm`7+2X h?2 +`#QtvH ;`QmT +iBpiBQM rQmH/ i?2M #2 /QM2 rBi? 
biM/`/ 1.*fL>a T`QiQ+QHX
"BQK`F2`, AMi2`72`QM ;KK Bb iQ #2 mb2/ b i?2 #BQK`F2` #2+mb2 Q7 Bib +QKK2`+BH
mb2 iQ /B;MQb2 im#2`+mHQbBbX
.2i2+iBQM, h?2 T`QTQb2/ /2i2+iBQM K2i?Q/ Bb iQ #2 /2i2`KBM2/ #v MHvbBM; i?2 2z2+i
Q7 i?22 /Bz2`2Mi +b2b- MK2Hv mMH#2HH2/ T`Qi2BM /2i2+iBQM- H#2HH2/ T`Qi2BM /2i2+iBQM-
>2P2 //BiBQM iQ i?2 2H2+i`QHviB+ #mz2` iQ BM/m+2 i?2 bTQMiM2Qmb `2+iBQM- ;Bp2M #v
kXjX h?2 +?Qb2M 2H2+i`Q+?2KB+H /2i2+iBQM K2i?Q/ Bb b[m`2 rp2 pQHiKK2i`v- /m2 iQ Bib
b2MbBiBpBiv iQ bm`7+2 +?2KBbi`vX
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kX8Xk Ji2`BHb M/ `2;2Mib
h?2 +`#QM MMQ}#`2b mb2/ BM i?Bb 2tT2`BK2Mi rb i?2 `2KBM/2` Q7  T`2pBQmb T`QD2+iX
Ai rb Tm+?b2/ i Sv`Q;`7 S`Q/m+ib AM+X h?2 T`Q/m+i MK2 Bb Sv`Q;`7 AAA *`#QM
LMQKi S_@RN@sh@>>hX
h?2 1GAa U2MxvK2@HBMF2/ BKKmMQbQ`#2Mi bbvV FBi rb T`QpB/2/ #v .BpBbBQM Q7 JQH2+@
mH` "BQHQ;v M/ >mKM :2M2iB+b HQ+i2/ i i?2 hv;2`#2`; +KTmb Q7 i?2 lMBp2`bBiv Q7
ai2HH2M#Qb+?X hrQ FBib r2`2 bmTTHB2/- 2[mBM2 M/ ?mKM BMi2`72`QM ;KKX h?2 bmTTHv@
BM; +QKTMv rb J#i2+?- ar2/2MX
h?2 +QKK2`+BH 2H2+i`Q+?2KB+H #BQb2MbQ` rb Tm`+?b2/ i .`QTa2Mb- aTBMX h?2 T`Q/@
m+i rb 8y b2MbQ` rBi? b+`22M T`BMi2/ +`#QM 2H2+i`Q/2b KQ/B}2/ rBi? +`#QM MMQ}#`2bX
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1H2+i`Q+?2KB+H bim/v
h?Bb +?Ti2` #`B2~v `2pB2rb i?2 i?2Q`v Q7 2H2+i`Q+?2KBbi`v M/ i?2 TQi2MiBQbiib
mb2/ 7Q` 2H2+i`Q+?2KB+H K2bm`2K2MibX h?Bb Bb 7QHHQr2/ #v  +QKT`BbQM Q7 HBi2`@
im`2 `2;`/BM; +QKK2`+BH M/ `2b2`+? #b2/ TQi2MiBQbiibX
jXR AMi`Q/m+iBQM
h?2 +?Ti2` /Bb+mbb2b i?2 i?2Q`v Q7 2H2+i`Q+?2KB+H K2bm`2K2Mib- M/ rb /Ti2/ 7`QK
i?2 7mM/K2MiHb M/ TTHB+iBQMb i2ti#QQF- 1H2+i`Q+?2KB+H J2i?Q/b- r`Bii2M #v X
"`/ M/ GX 6mHFM2` (8e)X Ai Bb /2b+`B#2/ BM +QMi2ti Q7 i?2 BMi2M/2/ #BQb2MbBM; bvbi2KX
h?2 ;QH Bb iQ T`2b2Mi i?2 M2+2bb`v BM7Q`KiBQM iQ bQK2QM2 rBi? M 2H2+i`B+H 2M;BM22`BM;
#+F;`QmM/ iQ mM/2`biM/ i?2 BMi2M/2/ +?2KBbi`v Q7 i?2 /2i2+iBQM K2i?Q/X
jXk 1H2+i`Q+?2KB+H K2i?Q/b
1H2+i`Q+?2KBbi`v Bb  #`Q/ }2H/ i?i bim/B2b i?2 BMi2`+iBQM Q7 +?2KB+H `2+iBQMb M/
i?2 2H2+i`B+H T`QT2`iB2b Q7 i?2b2 `2+iBQMbX h?Bb BM+Hm/2b i?2 +?`;2 Q7 2H2+i`B+H }2H/b
M/ i?2 +m``2Mi Tbb;2 /m2 iQ i?2b2 `2+iBQMbX
AM i?Bb T`QD2+i- i?2 BMi2`2bi Bb i?2 bim/v Q7 i?2 BMi2`+iBQM Q7 M 2H2+i`QHvi2 M/ 2H2+@
i`Q/2bX  ivTB+H 2H2+i`Q+?2KB+H +2HH rQmH/ ?p2 irQ Q` i?`22 2H2+i`Q/2b BKK2`b2/ BM
i?2 2H2+i`QHvi2X h?2 2H2+i`Q/2b `2 MK2/ i?2 rQ`FBM; M/ +QmMi2`- M/ i?2 //BiBQMH
i?B`/ i?2 `272`2M+2 2H2+i`Q/2X h?2 2H2+i`QHviB+ HB[mB/ Bb M BQMB+ +QM/m+iQ` i?i ?b +2`iBM
2H2+i`B+H +?`+i2`BbiB+bX
h?2 rQ`FBM; T`BM+BTH2 Q7 i?2 2H2+i`Q+?2KB+H +2HH Bb i?i i?2 TQi2MiBH Q7 i?2 bvbi2K `2@
bmHib BM  +m``2Mi i?i Bb `2Hi2/ iQ i?2 +QM/BiBQMb Q7 i?2 Ki2`BHb M/ +QKTQbBiBQM Q7
i?2 2H2+i`Q/2b M/ 2H2+i`QHvi2X h?2 TQi2MiBH +M #2 p`B2/ rBi? iBK2 BM /Bz2`2Mi K2i?@
Q/b iQ T`Q/m+2  +?`+i2`BbiB+ +?M;BM; +m``2MiX h?Bb +?M;BM; +m``2Mi +M #2 MHvb2/
iQ T`QpB/2 mb27mH BM7Q`KiBQM `2;`/BM; i?2 +?2KBbi`v BM i?2 2H2+i`QHvi2 M/ i?2 2H2+i`Q/2bX
AM  i?`22 2H2+i`Q/2 +2HH i?2 +m``2Mi Bb Tbb2/ #2ir22M i?2 +QmMi2` M/ rQ`FBM; 2H2+@
i`Q/2bX h?2 +QmMi2` 2H2+i`Q/2 +QKTQbBiBQM Bb mbmHHv +?Qb2M bQ i?i Bi /Q2b MQi T`Q/m+2
BQMb i?i Kv BMi2`+i rBi? i?2 rQ`FBM; 2H2+i`Q/2X AMbi2/- i?2 rQ`FBM; 2H2+i`Q/2 Bb mb2/
b  +QKTH2iBQM Q7 i?2 +2HH +B`+mBi 7Q` i?2 Tbb;2 Q7 2H2+i`QMbX h?2 `272`2M+2 2H2+i`Q/2 Bb
mb2/ iQ KQMBiQ` i?2 TQi2MiBH Q7 i?2 rQ`FBM; 2H2+i`Q/2 #v TH+BM; Bi BM +HQb2 T`QtBKBivX Ai Bb
kk
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+?Qb2M iQ ?p2  ?B;?@BMTmi BKT2/M+2 bQ i?i i?2 +m``2Mi ~Qr 7`QK Bi KB;?i #2 M2;HB;B#H2
iQ i?2 bvbi2KX 6Q` i?2 Tm`TQb2 Q7 bm`7+2 +?2KBbi`v- i?2 i?`22 2H2+i`Q/2 bvbi2K Bb T`2@
72``2/ #2+mb2 Q7 i?2 BM/2T2M/2M+2 Q7 i?2 TQi2MiBH KQMBiQ`BM; pB i?2 `272`2M+2 2H2+i`Q/2X
h?2 #bB+ 2tT2`BK2MiH b2imT Bb ;Bp2M BM 6B;m`2 jXRX h?2 2tT2`BK2Mi Bb +QMi`QHH2/ rBi?
 TQi2MiBQbiiX h?2b2 /2pB+2b `2 /2p2HQT2/ iQ /2HBp2` i?2 `2[mB`2/ TQi2MiBH br22T M/
K2bm`2 i?2 +m``2Mi #b2/ QM i?2 iBKBM;b mb2/ #v i?2 br22T- mMB[m2 iQ /Bz2`2Mi MHvbBb
i2+?MB[m2bX
SQi2MiBQbii
*QmMi2`
qQ`FBM;
_272`2M+2
1H2+i`Q+?2KB+H
*2HH
6B;m`2 jXR, hvTB+H 2tT2`BK2MiH 2H2+i`Q+?2KB+H b2imT
h?2`2 2tBbib irQ KBM ivT2 Q7 T`Q+2bb2b i i?2 2H2+i`Q/2bX h?2 }`bi Bb i?2 2H2+i`QM i`Mb72`
/m2 iQ i?2 7`/B+ T`Q+2bb2bX h?Bb Bb BHHmbi`i2/ #v  bBKTH2 `2/Qt +QmTH2 BM i?2 `2+iBQM
;Bp2M #v jXR- M/ Bb ;Qp2`M2/ #v 6`/vǶb HrX h?Bb Bb i?2 `2bTQMb2 i?i Bb Q7 BMi2`2bi
r?2M +QM/m+iBM; 2tT2`BK2MibX Ai Bb HbQ i?2 QMHv T`Q+2bb i?i +QMi`B#mi2b iQ i?2 +m``2Mi
~QrBM; #2ir22M i?2 2H2+i`QHvi2 M/ i?2 2H2+i`Q/2b- r?2`2 i?2 2H2+i`QMb +M KQp2 #2ir22M
i?2 bQHmiBQM M/ i?2 2H2+i`Q/2bX
Ox + e −−⇀↽ − Red UjXRV
h?2 b2+QM/ ivT2 Q7 T`Q+2bb Bb HH i?2 MQM7`/B+ 2H2K2Mib i?i 2tBbi i i?2 BMi2`7+2 Q7
i?2 bQHmiBQM M/ i?2 2H2+i`Q/2bX h?2b2 2z2+ib /Q MQi +QMi`B#mi2 iQ i?2 2H2+i`QM i`Mb72`
+`Qbb i?2 BMi2`7+2- #mi BMbi2/ +M +i b  +T+BiQ`- `2bmHiBM; BM  +?`;BM; +m``2Mi
i?i `2/m+2b Qp2` iBK2X MQi?2` 2z2+i Bb i?2 2H2+i`B+ /Qm#H2 Hv2`X h?Bb Bb /2b+`B#2/ #v
+QMbB/2`BM; i?2 2H2+i`QHvi2 b Hv2`b bm``QmM/BM; i?2 2H2+i`Q/2b- rBi? i?2 BMM2`KQbi /@
bQ`#2/ iQ BiX h?2 Qmi2` Hv2`b Q7 i?2 2H2+i`QHvi2 +M QMHv BMi2`+i rBi? i?2 2H2+i`Q/2b rBi?
r2F 2H2+i`QbiiB+ 7Q`+2b- r?B+? KF2b i?2b2 BMi2`+iBQMb BM/2T2M/2Mi Q7 i?2B` +?2KB+H
+?`+i2`BbiB+bX
h?2`2 2tBbib KMv ivT2b Q7 i2+?MB[m2b mb2/ iQ MHvb2 i?2 +m``2Mi T`Q/m+2/ #v i?2 +?2K@
B+H `2+iBQMb Q7 i?2 2H2+i`QHvi2X hrQ Q7 i?2b2 rBHH #2 /Bb+mbb2/- +v+HB+ pQHiKK2i`v M/
b[m`2 rp2 pQHiKK2i`vX
jXkXR *v+HB+ pQHiKK2i`v
*v+HB+ pQHiKK2i`v Bb  HBM2` TQi2MiBH br22T i?i Bb br2Ti bm++2bbBp2Hv BM #Qi? /B`2+iBQMbX
h?2 p`B#H2b Q7 bm+?  br22T Bb i?2 mTT2` M/ HQr2` brBi+?BM; TQi2MiBHb- i?2 bi`iBM;
TQi2MiBH- M/ i?2 b+M `i2X  bKTH2 Q7  7Qm`@+v+H2 br22T Bb ;Bp2M BM 6B;m`2 jXk- rBi?
i?2 brBi+?BM; TQi2MiBHb i ± eyy Ko- i?2 b+M `i2 kyy Kofb- M/ bi`iBM; i eyy KoX
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6B;m`2 jXk, 6Qm` +v+HB+ pQHiKK2i`v TQi2MiBH br22Tb
h?2 2z2+i Q7 i?2 TQi2MiBH br22T +M #2 /2b+`B#2/ #v i?2 L2`Mbi 2[miBQM (8d) b
E = E0 − RT
nF
ln
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)
, UjXkV
r?2`2 E UoV Bb i?2 TTHB2/ TQi2MiBH- n i?2 KQmMi Q7 2H2+i`QMb i`Mb72``2/ #v i?2 `2/Qt
`2+iBQM- F U* KQH−1V i?2 6`/v +QMbiMi- T UEV i?2 i2KT2`im`2- E0 UoV Bb i?2 7Q`K2`
TQi2MiBH Q7 i?2 2H2+i`QHvi2 `2HiBp2 iQ  ?v/`Q;2M `272`2M+2 2H2+i`Q/2- M/ R i?2 mMBp2`bH
;b +QMbiMiX CR M/ CO UKQH G−1V `2 i?2 +QM+2Mi`iBQMb Q7 i?2 `2/m+2/ M/ QtB/Bb2/
bT2+B2b M2` i?2 2H2+i`Q/2 bm`7+2- `2bT2+iBp2HvX b i?2 TQi2MiBH Q7 i?2 +2HH Bb +?M;2/- i?2
QMHv 7+iQ` i?i +M F22T jXk #HM+2/  i?2 +?M;2 BM +QM+2Mi`iBQM Q7 i?2 irQ bT2+B2b
T`2b2MiX
h?2 K2bm`2K2Mib Q7 BMi2`2bi rBi? +v+HB+ pQHiKK2i`v Bb i?2 `iBQ Q7 i?2 T2F +m``2Mi
Q7 i?2 7Q`r`/ M/ #+Fr`/ br22TbX 6Q`  M2`biBM `2bTQMb2 rBi?  bi#H2 T`Q/m+i- i?2
MQ/B+ M/ +i?Q/B+ T2F +m``2Mi `iBQ b?QmH/ #2 RX h?Bb Bb BM/2T2M/2Mi Q7 i?2 b+M `i2
M/ i?2 +Q2{+B2Mib Q7 /BzmbBQM Q7 i?2 2H2+i`QHviB+ HB[mB/X h?2 QMHv `2[mB`2K2Mi 7Q` i?Bb Bb
;Bp2M #v i?2 brBi+?BM; TQi2MiBH b
Eλ >
35
n
Ko, UjXjV
M/ i?2 2tT2+i2/ T2F +m``2Mi +M #2 /2b+`B#2/ #v i?2 _M/H2b@a2p+BF 2[miBQM b
ip = 0.4463nFAC
0
(nFvDo
RT
) 1
2
, UjX9V
r?2`2 ip UV Bb i?2 T2F +m``2Mi- A U+K2V i?2 2H2+i`Q/2 bm`7+2 `2- Do U+K2 b−1V i?2
/BzmbBQM +Q2{+B2Mi Q7 i?2 QtB/Bb2/ 2H2K2Mi- C0 UKQH +K−3V i?2 #mHF +QM+2Mi`iBQM- v
Uo b−1V i?2 TQi2MiBH b+M `i2 (8d)X h?2 BMi2`2bi Q7 i?Bb 2[miBQM Bb i?2 BM/B+iBQM i?i
i?2 bm`7+2 `2 Q7 i?2 2H2+i`Q/2b ?p2  HBM2` BM~m2M+2 QM i?2 T2F +m``2Mi Q7 i?2 `2/Qt
`2+iBQMX h?2 `2bQM i?Bb Bb ?B;?HB;?i2/ Bb #2+mb2 Q7 i?2 T`QTQb2/ /2bB;M Q7 i?2 2H2+i`Q/2b-
mbBM; MMQ}#`2bX h?Bb ?b  ?B;? bm`7+2 `2- i?mb i?2 T2F +m``2Mi +M #2 2tT2+i2/ iQ
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#2 T`QTQ`iBQMHHv ?B;?2`X h?2 Qi?2` p`B#H2 Q7 BMi2`2bi Bb i?2 b[m`2 `QQi Q7 i?2 b+M `i2-
r?B+? ?b i?2 bK2 2z2+i QM i?2 T2F +m``2Mi b i?2 2H2+i`Q/2 `2X h?Bb Bb /m2 iQ i?2
/2+`2b2 Q7 i?2 /BzmbBQM Hv2` bBx2 #2+mb2 Q7 H2bb iBK2 7Q` i?2 BQMb iQ #2 i`MbTQ`i2/ rv
7`QK i?2 2H2+i`Q/2b #27Q`2 mM/2`;QBM; i?2 `2p2`b2 `2+iBQM /m2 iQ  `2p2`b2/ TQi2MiBH
br22TX h?2 K2bm`2/ +m``2Mi Bb MQi BM/2T2M/2Mi Q7 i?2 MQM7`/B+ +m``2Mib BM +v+HB+
pQHiKK2i`v /m2 iQ i?2 HBM2`Hv TTHB2/ pQHi;2X
jXkXk a[m`2 rp2 pQHiKK2i`v
h?2 b2+QM/ 2H2+i`Q+?2KB+H K2i?Q/ Bb b[m`2 rp2 pQHiKK2i`vX a[m`2 rp2 pQHiK@
K2i`v Bb  TmHb2/ pQHiKK2i`v i2+?MB[m2 bmT2`BKTQb2/ QM  biB`+b2 pQHiKK2i`v br22TX
h?2 +m``2Mi Bb bKTH2/ i i?2 2M/ Q7 2+? TmHb2 M/ i?2 /Bz2`2M+2 Q7 i?2 mTT2` M/
HQr2` TmHb2 bKTH2 Bb THQii2/ `2HiBp2 iQ i?2 biB`+b2 pQHi;2 i i?i TQBMiX M 2tKTH2
Q7 i?2 TQi2MiBH 7mM+iBQM Bb ;Bp2M BM 6B;m`2 jXjX h?2 bKTHBM; i2+?MB[m2 HHQrb 7Q` i?2
BM~m2M+2 Q7 i?2 +T+BiBp2 +m``2Mi Q7 i?2 bQHmiBQM iQ #2 KBMBKH- iFBM; i?2 bKTH2 r?2M
i?2 +m``2Mi `2+?2/ 2[mBHB#`BmKX h?2 7Q`r`/ M/ `2p2`b2 TmHb2/ +m``2Mib- B7 THQii2/ iQ@
;2i?2`- `2b2K#H2b  +v+HB+ pQHiKKQ;`KX h?2 p`B#H2b Q7  aqo br22T `2, ΔEp UoV
i?2 TmHb2 ?2B;?i- ΔEs UoV i?2 bi2T bBx2- f U>xV i?2 7`2[m2M+v Q7 i?2 bi2Tb- M/ tp UbV i?2
iBK2 T2` TmHb2X h?2 iBK2 T2` TmHb2 Bb Q7i2M r`Bii2M b fs = 1/2tp U>xVX
6B;m`2 jXj, a[m`2 rp2 pQHiKK2i`v TQi2MiBH br22T
h?2 +m``2Mi `2bTQMb2 Q7 i?2 b2imT i?2Q`2iB+HHv rQmH/ #2 bBKBH` BM /Bz2`2Mi 2tT2`BK2Mib
B7 i?2 7QHHQrBM; Bb F2Ti +QMbiMi, i?2 TQi2MiBQbii b2iiBM;b- i?2 2H2+i`Q/2 Ki2`BH M/
bm`7+2 `2- M/ i?2 +QM+2Mi`iBQM Q7 i?2 2H2+i`QHviB+ HB[mB/ i i?2 2H2+i`Q/2 bm`7+2bX
h?2 T2F +m``2Mi BM i?2 pQHiKKQ;`K rBHH #2 `2+?2/ i i?2 ?H7 rp2 TQi2MiBHX h?Bb
Bb /2b+`B#2/ #v i?2 L2`Mbi 2[miBQM- mM/2` bbmKTiBQM i?i i?2 `2+iBQM Bb 7mHHv `2p2`bB#H2
b
E1/2 = E
0 +
RT
nF
ln
(DR
DO
)1/2
, UjX8V
rBi? DR M/ DO i?2 /BzmbBQM +Q2{+B2Mib Q7 i?2 irQ bT2+B2bX Ai +M #2 b22M i?i i?Bb
TQi2MiBH Bb HbQ  7mM+iBQM Q7 i2KT2`im`2 M/ i?2 biM/`/ TQi2MiBH Q7 i?2 2H2+i`QHviB+
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HB[mB/X "Qi? i?2b2 p`B#H2b +M #2 mb2/ iQ 2tTHBM /Bz2`2M+2b BM i?2 `2/m+iBQM TQi2MiBH
Q7 bBKBH` 2tT2`BK2Mib- #2+mb2 Q7 +QMbiMi /BzmbBQM +Q2{+B2MibX h?2 T2F +m``2Mi i i?2
?H7 rp2 TQi2MiBH Bb /2b+`B#2/ #v
Δip =
nFAD
1/2
O C
∗
O
π1/2t
1/2
p
Δψp, UjXeV
r?2`2 C∗O Bb i?2 TT`2Mi QtB/Bb2/ bT2+B2b #mHF +QM+2Mi`iBQMX Δψp Bb  /BK2MbBQMH2bb T2F
+m``2Mi i?i /2T2M/b QM i?2 KQmMi Q7 2H2+i`QMb i`Mb72``2/ T2` 2p2Mi- i?2 TmHb2 ?2B;?i-
M/ i?2 bi2T bBx2X h?2 2[miBQM /2KQMbi`i2b i?2 BM~m2M+2 i?2 /Bz2`2Mi T`K2i2`b ?p2
QM i?2 2tT2`BK2MiH `2bmHibX aBM+2 i?2 T2F +m``2Mi Q7 aqo Bb  HBM2` 7mM+iBQM Q7 `2
M/ i?2 +QM+2Mi`iBQM Q7 i?2 QtB/Bb2/ bT2+B2b- M/ +QmMi2`b i?2 2z2+i Q7 i?2 MQM7`/B+
+m``2Mib 2ti2MbBp2Hv- Bi Bb  T`272`#H2 +?QB+2 7Q` #BQb2MbBM; T`+iB+2bX h?Bb Bb #2+mb2 i?2
BMi2`7+2 Q7 i?2 2H2+i`QHvi2 M/ i?2 2H2+i`Q/2b +M #2 +?M;2/ #v BKKQ#BHBbBM; #BQHQ;B+H
Kii2` iQ i?2 2H2+i`Q/2bX
jXkXj AKTHB+iBQMb
h?2 /Bz2`2Mi i2+?MB[m2b i?i rBHH #2 2KTHQv2/ BM i?Bb T`QD2+i rb /Bb+mbb2/ BM 7mHHX q?BH2
+v+HB+ pQHiKK2i`v Bb  bBKTH2 HBM2` br22T- +QKT`2/ iQ b[m`2 rp2 pQHiKK2i`v- Bi Bb
MQi i?2 T`272``2/ +?QB+2 iQ 2KTHQv 7Q` #BQb2MbBM;X h?Bb Bb /m2 iQ i?2 /pMi;2 Q7 `2/m+BM;
i?2 2z2+i Q7 MQM7`/B+ +m``2Mib rBi? aqoX a?QrM #v jXe- aqo Bb b2MbBiBp2 iQ T2`im`@
#iBQMb iQ i?2 2H2+i`QHvi2 2H2+i`Q/2 BMi2`7+2X h?Bb T`QD2+i rBHH miBHBb2 i?Bb +?`+i2`BbiB+
iQ ii2KTi iQ /2i2+i i?2 +QM+2Mi`iBQM Q7 i?2 T`Qi2BM QM+2 BKKQ#BHBb2/ QM i?2 bm`7+2 Q7
i?2 rQ`FBM; 2H2+i`Q/2X
jXj *QKK2`+BH TQi2MiBQbiib
M bT2+i Q7 i?2 bvbi2K b?QrM BM 6B;m`2 jXR i?i `2[mB`2b ii2MiBQM Bb i?2 TQi2MiBQ@
biiX h?Bb b2+iBQM 2pHmi2b }p2 +QKK2`+BH TQi2MiBQbiibX h?2 /Bz2`2Mi TQi2MiBQbiib
`2 i?2 2Mi`v H2p2H T`Q/m+i 7Q` i?2 `M;2 Q7 /2pB+2b i?2v `2  T`i Q7X h?2b2 r2`2 b2@
H2+i2/ #2+mb2 i?2 7QHHQrBM; b2+iBQM `2pB2rb `2b2`+? #b2/ TQi2MiBQbiib- r?2`2 +Qbi rb
+QMbB/2`2/ b i?2 KBM /`BpBM; 7+iQ` 7Q` i?2B` /2p2HQTK2MiX h?2 TQi2MiBQbiib `2pB2r2/
`2 i?2 AMi2`7+2 RyRyh (83) U:K`v- laV- SHKa2Mb9 (8N) USHKa2Mb- L2i?2`HM/bV-
S:ahhRyR (ey) UJ2i`Q?K miQH#- L2i?2`HM/bV- .`QTaii (eR) M/ ƒaii kyy (ek)
U.`QTa2Mb- aTBMVX
 bmKK`v Q7 i?2 BMTmi TQi2MiBH +?`+i2`BbiB+b 7Q` i?2b2 /2pB+2b `2 ;Bp2M BM h#H2
jXR M/ i?2 QmiTmi +m``2Mi +?`+i2`BbiB+b Bb ;Bp2M BM h#H2 jXkX
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.2pB+2 TTHB2/ TQi2MiBH_M;2 ++m`+v _2bQHmiBQM
AMi2`7+2 RyRyh ±yX9 o- ±RXe o-±eX9 o
±R Ko
±yXk W
Q7 b2iiBM;
Rk-8ƒo-
8y ƒo- kyy ƒo
SHKa2Mb9 ±8 o- ±Ry o yXR W±R Ko Qzb2i d8 ƒo
S:ahhRyR ±Ry o ±yXk W j ƒo
.`QTaii ±k o MQi pBH#H2 R Ko
ƒaii kyy ±k o yXR W R Ko
h#H2 jXR, AMTmi TQi2MiBH +?`+i2`BbiB+b Q7 i?2 +QKK2`+BH TQi2MiBQbiib
h?2 S:ahhRyR /2pB+2 ?b i?2 bKHH2bi TQi2MiBH `2bQHmiBQM Q7 i?2 /Bz2`2Mi /2pB+2b-
i?2 H`;2bi TQi2MiBH `M;2 Ub?`2/ rBi? i?2 SHKa2Mb9V- M/ i?2 #2bi ++m`+vX M
BMi2`2biBM; 72im`2 Q7 i?2 AMi2`7+2 RyRyh Bb i?2 #BHBiv iQ b2i mT KmHiBTH2 /2pB+2b Q7 i?2
AMi2`7+2 iQ BMi2`+i b  KmHiB+?MM2H /2pB+2X h?Bb 2M#H2b b2KH2bb /i +[mBbBiBQMX
h?Bb /2pB+2- i?2 SHKa2Mb9- M/ i?2 S:ahhRyR- `2 r2HH /Q+mK2Mi2/- +QKT`2/ iQ
i?i Q7 .`QTa2MbX h?2 .`QTa2Mb /2pB+2b ?p2  TQi2MiBH `2bQHmiBQM }p2 iBK2b H`;2`
i?M i?2 +HQb2bi +QKT2iBiQ`- i?mb KFBM; Bi  /2+BbBp2 7+iQ` ;BMbi BiX h?2 SHKa2Mb9
M/ i?2 S:ahhRyR ?p2 i?2 H`;2bi `M;2 Q7 TQi2MiBHbX
.2pB+2 J2bm`2/ +m``2Mi_M;2 ++m`+v _2bQHmiBQM
AMi2`7+2 RyRyh ±Ryy KUe `M;2bV
±8 T
±yXj W
Q7 b2iiBM;
±8 T
±yXj W
Q7 b2iiBM;
SHKa2Mb9 Ryy T iQ Ry KUN `M;2bV
yXR W
i 7mHH b+H2
yXyyye W
8 7 QM Ryy T
S:ahhRyR Ry M iQ Ry K ±yXk W yXyyyj WQ7 +m``2Mi `M;2
.`QTaii ±kyy ƒ MQi pBH#H2 yXR W
ƒaii kyy R M iQ Ryy ƒUe `M;2bV MQi pBH#H2 yXR W
h#H2 jXk, J2bm`2/ +m``2Mi +?`+i2`BbiB+b Q7 i?2 +QKK2`+BH TQi2MiBQbiib
h?2 ƒaii +HBKb iQ ?p2 i?2 #BHBiv iQ /Q i?2 HQr2bi K2bm`#H2 +m``2MiX h?2 S:ahhRyR
?b i?2 #2bi `2bQHmiBQM- #mi i?2 SHKa2Mb  ?B;?2` ++m`+vX M BMi2`2biBM; +QKTQM2Mi Q7
i?2 +?`+i2`BbiBQM Q7 i?2 /2pB+2b Bb i?2 ++m`+v M/ `2bQHmiBQM Q7 i?2 K2bm`2/ +m``2Mib
`2  7mM+iBQM Q7 i?2 K2bm`2K2Mi b2iiBM; b2H2+i2/ #v i?2 /2pB+2X h?Bb Bb /m2 iQ i?2 7+i
i?i +m``2Mi +MMQi #2 /B`2+iHv K2bm`2/ M/ ?b iQ #2 +QMp2`i2/ iQ  TQi2MiBHX h?2
`M;2b Q7 i?2 +m``2Mi- bm+? b i?2 N `M;2b Q7 i?2 SHKa2Mb9- K2Mb i?i 7Q`  b2H2+i
+m``2Mi `M;2  bT2+B}+ `2bBbiQ` Bb mb2/ b i?2 KTHB}+iBQM 7+iQ` iQ +QMp2`i i?2 +m``2Mi
iQ  TQi2MiBH rBi?BM i?2 `M;2 Q7 i?2 MHQ; iQ /B;BiH +QMp2`i2`X
M //BiBQMH 7+iQ` i?i Bb rQ`i? K2MiBQMBM; Bb i?2 bBx2 M/ r2B;?i Q7 i?2 TQi2MiBQbiibX
HH Q7 i?2 TQi2MiBQbiib `2 #2M+?iQT /2pB+2b- rBi? i?2 2t+2TiBQM Q7 i?2 .`QTaiiX h?Bb
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/2pB+2 Bb ?M/?2H/ M/ Bb TQr2`2/ #v M BMi2`MH #ii2`vX h?Bb 2tTHBMb i?2 HQr BMTmi
`M;2X h?2 r2B;?i +QKT`BbQM Bb ;Bp2M BM h#H2 jXjX h?2 .`QTa2Mb TQi2MiBQbiib `2 i?2
KQbi TQ`i#H2 TQi2MiBQbiibX
.2pB+2 AMi2`7+2 RyRyh SHKa2Mb9 S:ahhRyR .`QTaii ƒaii kyy
q2B;?i UF;V k yX8 kXR yXydR yXyN
h#H2 jXj, SQi2MiBQbii r2B;?i +QKT`BbQM
h?Bb +QKT`BbQM rb /QM2 iQ ;2i M mM/2`biM/BM; Q7 i?2 +?`+i2`BbiB+b Q7 +QKK2`+BH
TQi2MiBQbiibX q?2M b2H2+iBM;  /2pB+2- Bi Bb BKTQ`iMi iQ mM/2`biM/ i?2 /vMKB+b Q7
i?2 2tT2`BK2Mib i?i rBHH #2 T2`7Q`K2/ M/ i?2 `2[mB`2K2Mib Q7 i?2 K2bm`2K2MibX
jX9 _2b2`+? #b2/ TQi2MiBQbiiB+ /2pB+2b
h?Bb b2+iBQM `2pB2rb /Bz2`2Mi TQi2MiBQbiib /2p2HQT2/ BM HBi2`im`2X h?2 #bB+ /2bB;M Q7 
TQi2MiBQbiiB+ bvbi2K Bb ;Bp2M #v 6B;m`2 jX9X h?2 F2v +QKTQM2Mib Q7 i?2 /2pB+2 `2 i?2
+QMi`QH KTHB}2`- i?2 ;2M2`i2/ bB;MH- i?2 +2HH TQi2MiBH `2;mHiBQM- i?2 +m``2Mi iQ pQHi;2
+QMp2`bBQM- M/ }MHHv i?2 +m``2Mi pQHi;2 K2bm`2K2MiX
aB;MH
*QMi`QH KTHB}2`
_2;mHiBQM
pQHi;2
*m``2Mi _K
*QmMi2`
2H2+i`Q/2_272`2M+2
2H2+i`Q/2
qQ`FBM;
2H2+i`Q/2
_K
*m``2MifpQHi;2
*2HH TQi2MiBH
1H2+i`Q+?2KB+H
+2HH
6B;m`2 jX9, hvTB+H TQi2MiBQbii +QMi`QH +B`+mBi (ej)X
h?2 /2bB;M BM 6B;m`2 jX9 Bb QMHv  `2T`2b2MiiBQM Q7 i?2 7mM+iBQMb Q7 i?2 /Bz2`2Mi +QKTQ@
M2MibX  `2HBbiB+ KQ/2H rQmH/ mb2 KQ`2 +QKTHB+i2/ +QKTQM2Mib M/ +B`+mBi`vX h?Bb Bb
/m2 iQ i?2 Mim`2 Q7 i?2 2H2+i`Q+?2KB+H +2HH M/ i?2 7mM+iBQM Q7 TQi2MiBQbii iQ +QMi`QH
i?2 TQi2MiBH Q7 i?2 +2HH `2;`/H2bb Q7 Bib BKT2/M+2X b b22M BM a2+iBQM jXj- i?2 K2bm`2@
K2Mib `2  7mM+iBQM Q7 i?2 bi#BHBiv M/ `2HB#BHBiv Q7 MQi QMHv i?2 +m``2Mi K2bm`2K2Mib-
#mi HbQ i?2 BMTmi TQi2MiBHX
h?2b2 TQi2MiBQbiib +M #2 +QMi`QHH2/ #v 2Bi?2`  KB+`Q+QMi`QHH2` i?i +QKKmMB+i2b rBi?
 +QKTmi2`- Q` Tm`2Hv #v  KB+`Q+QMi`QHH2` QM Bib QrMX h?2 ;`/2 Q7 KTHB}2`b mb2/ BM i?2
/2bB;M BM +QMDmM+iBQM rBi? i?2 /B;BiH iQ MHQ; +QMp2`i2` U.*V rQmH/ KBMHv /2i2`KBM2
i?2 `2bQHmiBQM Q7 i?2 bvbi2KX *HbbB+ i`/2@Qzb bm+? b bT22/ p2`bmb `2bQHmiBQM- +Qbi p2`bmb
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++m`+v- M/ KMv KQ`2 `2  /2bB;M 7+iQ`b BM +?2T /2pB+2bX 6Bp2 /2pB+2b r2`2 b2H2+i2/
7`QK HBi2`im`2 M/ `2pB2r2/ BM i?2 7QHHQrBM; b2+iBQMbX
jX9XR *?2Taii
 /2pB+2 rb /2p2HQT2/ #v _Qr2 2i HX (e9)- MK2/ i?2 *?2Taii TQi2MiBQbiiX h?2
KQiBpiBQM 7Q` i?2 /2p2HQTK2Mi rb iQ T`QpB/2 i?2 K2Mb 7Q` TQQ` b2iiBM;b iQ ?p2 ++2bb
iQ  +?2T TQi2MiBQbiiX h?Bb BM+Hm/2b i2+?BM; 2MpB`QMK2Mib M/ 7QQ/ KQMBiQ`BM;X
h?2 /2pB+2 +QmH/ ;2M2`i2 rp27Q`Kb 7Q` MQ/B+ bi`BTTBM;- b[m`2 rp2- +v+HB+- M/ HBM2`
pQHiKK2i`vX h?2 ?`/r`2 M/ bQ7ir`2 /2bB;M r2`2 `2H2b2/ mM/2` M QT2M HB+2M+2X h?2
QT2`iBQM Q7 i?2 /2pB+2 rb i2bi2/ rBi? /Bz2`2Mi i2+?MB[m2bX h?Bb BM+Hm/2/  K2i?Q/ iQ
2H2+i`Q+?2KB+HHv /2i2+i i?2 +QM+2Mi`iBQM Q7  bT2+B}+ .L b2[m2M+2 rBi? b[m`2 rp2
pQHiKK2i`v- M/ #v `2+Q`/BM; i?2 `2bTQMb2 Q7 72``B+vMB/2 iQ +v+HB+ pQHiKK2i`vX h?2
KB+`Q+QMi`QHH2` i?i +QMi`QHb i?2 bvbi2K Bb M iK2H sJ1: rBi? BM#mBHi MHQ; iQ /B;@
BiH +QMp2`i2` U.*V M/ .* +T#BHBiB2bX h2tb AMbimK2Mib hG*kkek*S QT2`iBQMH
KTHB}2`b r2`2 mb2/ #2+mb2 Q7 i?2B` HQr BMTmi #Bb +m``2MiX h?2 /2pB+2 ?b M TTHB2/
pQHi;2 `M;2 Q7 ±NNy Ko M/  rp2 7Q`K ;2M2`iQ` Q7 R iQ Ryyy >xX h?2 K2bm`2/
+m``2Mi `M;2b 7`QK Ryy M iQ 8y ƒX h?Bb Bb K2bm`2/ Qp2`  +QMbiMi `2bBbiM+2- i?mb
i?2 `M;2 +M #2 +?M;2/ #v KMmHHv +?M;BM; i?Bb `2bBbiM+2 ++Q`/BM;HvX h?2 /2pB+2
r2B;?b  iQiH Q7 RR8 ; M/ Bb TQr2`2/ M/ +QMi`QHH2/ #v  +QKTmi2` pB  lMBp2`bH a2`BH
"mb Ula"V +QMM2+iBQMX
h?2`2 rb MQ `2TQ`i2/ ++m`+v- `2bQHmiBQM- Q`  +QKT`BbQM iQ  +QKK2`+BH /2pB+2X
h?2 /2pB+2 rb i2bi2/ mM/2` p`BQmb +QM/BiBQMb M/ `2TQ`i2/ iQ 7mM+iBQM b 2tT2+i2/X
h?2 ;QH Q7 i?2 T`QD2+i rb +?B2p2/- r?2`2  T`Q/m+i rb /2p2HQT2/ i?i rb #H2 iQ
T`QpB/2 M 2bBHv 7#`B+i2/- mb#H2- M/ KQ/B}#H2 TQi2MiBQbiiX
jX9Xk SQBMi@Q7@M22/ TQi2MiBQbii
"2xmB/2M?Qmi 2i HX (e8) /2p2HQT2/  TQi2MiBQbii #b2/ QM M GJSNRyyy b2MbQ` (ee)
Uh2tb AMbi`mK2Mib- laVX M BMi2`2biBM; bT2+i Q7 i?2 /2pB+2 Bb i?i Bi rb /2p2HQT2/ BM
aQmi? 7`B+- #v  `2b2`+? ;`QmT i i?2 lMBp2`bBiv Q7 S`2iQ`BX h?2 /2pB+2 miBHBb2b i?2
BMi2`MH pQHi;2 `2;mHiQ` Q7 i?2 KB+`Q+QMi`QHH2`- `/mBMQ lLP- iQ +`2i2 i?2 mTT2` M/
HQr2` pQHi;2 `M;2 Q7 i?2 TTHB2/ TQi2MiBHX h?Bb Bb /QM2 #v b2iiBM; i?2 `272`2M+2 pQHi;2
iQ  +2`iBM pHm2 Q7 i?2 BMi2`MH 8 o bmTTHvX h?Bb +`2i2b  KtBKmK /vMKB+ `M;2 Q7
8 o 2Bi?2` mTr`/b Q` /QrMr`/b- #mi i i?2 +Qbi Q7 i?2 Qi?2`X h?2 /2pB+2 rb +QKT`2/
iQ  +QKK2`+BH TQi2MiBQbii mbBM; +v+HB+ pQHiKK2i`v rBi? yXR J E*H BM  bQHmiBQM Q7 8
KJ 72``B+vMB/2 b i?2 2H2+i`QHvi2 M/ .`QTb2Mb 2H2+i`Q/2bX h?2 `2bmHib r2`2 +QKT`2/
QM i?2 #b2 Q7 i?2 T2Fb Q7 i?2 p2`;2 Q7 i?`22 TQi2MiBH +v+H2bX h?2 biM/`/ /2pBiBQM
7Q` i?2b2 +v+H2b r2`2 +QKT`2/- }M/BM; i?i i?2 /2p2HQT2/ /2pB+2 bBKBH`Hv T`Q/m+2/ `2@
T2i#H2 `2bmHibX
h?2 F2v +QKTQM2Mi Q7 i?2 /2pB+2 Bb i?2 GJSNRyyyX h?Bb +QKTQM2Mi Bb  T`Q;`KK#H2
MHQ;m2 7`QMi@2M/ i?i Bb mb2/ b i?2 TQi2MiBQbiiB+ /2pB+2X h?2 +m``2Mi `M;2b 7`QK 8
ƒ iQ d8y ƒ- rBi? M mMFMQrM ++m`+v M/ `2bQHmiBQMX h?2 TTHB2/ TQi2MiBH ?b 
`2bQHmiBQM Q7 ±kW ;2M2`HHvX Ai ?b d T`Q;`KK#H2 ;BM `2bBbiQ`b M/ j `272`2M+2 pQHi;2
KQ/2bX
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*>Sh1_ jX 1G1*h_P*>1JA*G ahl.u jy
jX9Xj .mH@KB+`QT`Q+2bbQ` TQi2MiBQbii
>mM; (ed) //`2bb2/ i?2 bB;MH T`Q+2bbBM; +T#BHBiB2b Q7  TQi2MiBQbii #mi miBHBbBM; irQ
KB+`QT`Q+2bbQ`b 7Q`  bBM;H2 2H2+i`Q+?2KB+H b2imTX h?2 }`bi KB+`QT`Q+2bbQ` rb mb2/
iQ ;2M2`i2 i?2 `2[mB`2/ rp27Q`KX h?2 b2+QM/ rb mb2/ iQ K2bm`2 M/ T`Q+2bb i?2
K2bm`2K2MibX h?Bb T`Q+2bbQ` rb HbQ mb2/ BM +QMDmM+iBQM rBi?  T`Q;`KK#H2 `2bBbiQ`
iQ b2H2+i i?2 `M;2 Q7 i?2 K2bm`2/ TQi2MiBH `2HiBp2 iQ i?2 +m``2Mi ~QrBM; i?`Qm;? i?2
rQ`FBM; 2H2+i`Q/2X h?2 b+?2KiB+ Q7 i?Bb /2pB+2 Bb ;Bp2M BM 6B;m`2 jX8X
6B;m`2 jX8, .mH T`Q+2bbQ` TQi2MiBQbii (ed)X
h?2 bT2+B}+iBQMb Q7 i?2 /2pB+2 rb ;Bp2M b, TQi2MiBH `M;2 ±RXe o- R Ko `2bQHmiBQM-
b+M `i2 Q7  KBMBKmK 8 Kofb- M/  +m``2Mi `M;2 Q7 Rey K iQ Re K- i  `2bQHmiBQM
Q7 3 ƒ M/ 3y T- `2bT2+iBp2HvX h?2 /2pB+2 mb2b *3y8R6yy8 KB+`Q+QMi`QHH2`b rBi? Rk
#Bi .*b M/ Rk #Bi .*bX h?2 /2pB+2 rb +QKT`2/ iQ  +QKK2`+BH TQi2MiBQbii- M/
7QmM/ iQ ?p2 +QKT`#H2 `2bmHibX h?2 2t+i +QKT`BbQM rb QMHv T`2b2Mi2/ ;`T?B+HHv-
M/ i?2 KQmMi Q7 2tT2`BK2Mib mMFMQrMX
jX9X9 .aii
 TQi2MiBQbii +HH2/ .aii rb /2p2HQT2/ #v .`v/2M M/ q?22H2` (kk)X h?2 KQiBpiBQM
7Q` i?Bb rb iQ // iQ i?2 FMQrH2/;2 ;T Q7 i?2 QT2`iBQM Q7 TQi2MiBQbiibX h?Bb /2pB+2
rb +QKT`2/ BM HBi2`im`2 iQ i?i Q7 i?2 *?2Taii /2pB+2 /Bb+mbb2/ BM a2+iBQM jX9XRX
h?2 /2pB+2 mb2/  Re@#Bi .* iQ +?B2p2  `2bQHmiBQM Q7 9e ƒo QM i?2 BMTmi TQi2M@
iBHX M Q#b2`piBQM K/2 #v .`v/2M M/ q?22H2` rb i?i i?2 `2bQHmiBQM Q7 i?2 .*
rb HBKBi2/ #v i?2 bi2T bBx2- MQi i?2 MQBb2 Q7 i?2 MHQ;m2 bvbi2KX h?Bb rb pHB/i2/ #v
bBKmHiBM; i?2 QT2M +B`+mBi MQBb2 H2p2Hb M/ 2tT2`BK2MiH i2bibX h?2 +m``2Mi@iQ@pQHi;2
;BM rb BM+`2b2/ M/ i?2 `2bmHiBM; biM/`/ /2pBiBQM Q7 i?2 MQBb2 KTHBim/2b r2`2 +H@
+mHi2/X h?Bb +M #2 b22M BM 6B;m`2 jXeX Ai +M #2 b22M i?i i?2B` mb2 Q7  Re@#Bi .*
rb DmbiB}2/X
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*>Sh1_ jX 1G1*h_P*>1JA*G ahl.u jR
6B;m`2 jXe, PT2M +B`+mBi +m``2Mi biM/`/ /2pBiBQMb MQBb2 KTHBim/2b (kk)X
h?2 KB+`Q+QMi`QHH2` mb2/ rb  htK2;k8ejl iQ i`MbKBi i?2 K2bm`2/ /i iQ 
+QKTmi2` 7Q` MHvbBbX M mTT2` 7`2[m2M+v HBKBi Q7 jy F>x 7Q` i?2 BMTmi bB;MH rb
`2TQ`i2/X h?2 +B`+mBi rb bBKmHi2/ iQ ;2i i?2 #bQHmi2 2``Q`b Q7 i?2 BMTmi TQi2MiBH
M/ K2bm`2/ +m``2MiX h?2b2 r2`2 7QmM/ iQ #2 R Mo M/ 8y 7- `2bT2+iBp2HvX h?2 +QMi`QH
KTHB}2`b mb2/ UHBbi2/ BM i?2 bmTTQ`iBM; Ki2`BHV `2 GJSddyk M/ GJSddkR QT2`iBQMH
KTHB}2`bX h?2 GJSddyk rb mb2/ 7Q` i?2 TQi2MiBH +QMi`QH M/ i?2 722/#+F #mz2`X h?Bb
KTHB}2` rb +?Qb2M #2+mb2 Q7 Bib H`;2 #M/rB/i?- HQr BMTmi #Bb +m``2Mi-  H`;2 QT2M
HQQT ;BM- M/ bKHH pQHi;2 MQBb2 /2MbBiB2bX h?2 GJSddkR rb mb2/ b  i`MbBKT2/M+2
KTHB}2` #2+mb2 Q7 Bib 2ti`2K2Hv HQr BMTmi #Bb +m``2Mi Q7 ±ky 7X
jX9X8 lq1.
h?2 }MH `2b2`+?@#b2/ TQi2MiBQbii i?i rb `2pB2r2/ rb /2p2HQT2/ #v BMH 2i HX
(e3)X h?2 /2pB+2 rb +HH2/  lMBp2`bH qB`2H2bb 1H2+i`Q+?2KB+H .2i2+iQ` Ulq1.VX h?2
KQiBpiBQM iQ /2p2HQT i?2 /2pB+2 rb iQ 2M#H2 `2bQm`+2@HBKBi2/ `2b iQ /Q 2H2+i`Q+?2KB@
+H i2biBM; QM M BM2tT2MbBp2- ?M/ ?2H/- #ii2`v TQr2`2/ /2pB+2- rBi? QMHv  bK`iT?QM2
i ?M/X Ai +QKKmMB+i2b rBi? i?2 bK`iT?QM2 pB "G1 U"Hm2iQQi? GQr 1M2`;vVX h?2
bK`iT?QM2 TT i?2M mTHQ/b i?2 /i iQ  +HQm/ b2`p2` r?2`2 Bi +M #2 MHvb2/ 7m`i?2`X
h?2 lq1. `2[mB`2b  +2`iBM T`QiQ+QH iQ #2 mTHQ/2/ iQ i?2 /2pB+2- HBKBiBM; Bib +T#BH@
BiB2b mMiBH  M2r T`QiQ+QH +M #2 ~b?2/X h?2 /2pB+2 Bb b?QrM BM 6B;m`2 jXd BM +QKT`BbQM
rBi?  bK`iT?QM2 7Q` bBx2X
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*>Sh1_ jX 1G1*h_P*>1JA*G ahl.u jk
6B;m`2 jXd, lMBp2`bH qB`2H2bb 1H2+i`Q+?2KB+H .2i2+iBQM (kk)X
h?2 /2pB+2 rb `2TQ`i2/ iQ ?p2  TQi2MiBH `M;2 Q7 ±RX8 o M/  +m``2Mi K2bm`2K2Mi
`M;2 Q7 ±R3y ƒX M _6/mBMQ KB+`Q+QMi`QHH2` rb mb2/ iQ +QMi`QH i?2 /2pB+2- M/ 
Ry@#Bi .*X h?2 MQBb2 H2p2H `M;2/ 7`QK kd ƒo iQ 9d ƒoX h?2 bQ7ir`2 M/ ?`/r`2 rb
`2H2b2/ b QT2M@bQm`+2X M BMi2`2biBM; bT2+i Q7 i?2 /2bB;M rb i?i i?2 .* bB;MH rb
TQbi@}Hi2`2/ 7Q` MQBb2 bmTT`2bbBQM #27Q`2 #2BM; TTHB2/ iQ i?2 +QmMi2` 2H2+i`Q/2X
jX9Xe amKK`v
h?2 KQbi BKTQ`iMi bT2+i //`2bb2/ #v HBi2`im`2 QM TQi2MiBQbiiB+ /2pB+2b rb i?2 +QbiX
h?Bb rb i?2 KBM /`BpBM; 7Q`+2 7Q` i?2 /2p2HQTK2Mi Q7 i?2b2 T`QD2+ibX h?2b2 /2pB+2b /Q
MQi T2`7Q`K b r2HH b i?2 +QKK2`+BH /2pB+2b- r?B+? rQmH/ #2 2tT2+i2/ Q7  T`QD2+i
r?2`2 +Qbi M/ T2`7Q`KM+2 ?p2 iQ #2 r2B;?2/ ;BMbi 2+? Qi?2`X Ai rb 7QmM/ i?i i?2
HBi2`im`2 TQi2MiBQbiib r2`2 MQi b r2HH +?`+i2`Bb2/ b +QKK2`+BH /2pB+2bX *QKK2`+BH
/2pB+2b `2 2bBHv +HbbB}2/ ++Q`/BM; iQ i?2B` `M;2- ++m`+v- M/ `2bQHmiBQM 7`QK i?2
/i b?22ib T`QpB/2/X
>QK2@#mBHi TQi2MiBQbiib H+F  bT2+B}+ `2HB#BHBiv i2biX M 2tKTH2 rQmH/ #2 r?2`2
 +HB#`iBQM +2HH +QmH/ #2 mb2/ iQ mb2/ iQ i2bi i?2 `2bTQMb2 Q7 i?2 TQi2MiBQbiibX h?2
+m``2Mi K2bm`2K2Mi M/ TTHB2/ TQi2MiBH bvbi2Kb ?p2 iQ #2 i2bi2/ M/ pHB/i2/ b2T@
`i2Hv #27Q`2 BMi2;`iBQMX HH i?Bb bB/- i?2 HBi2`im`2 /Q2b ?2HT #`B/;2 i?2 ;T iQr`/b
mM/2`biM/BM; i?2 /vMKB+b M/ `2[mB`2K2Mib Q7  TQi2MiBQbiiB+ bvbi2KX
jX8 *QM+HmbBQM
h?Bb +?Ti2` /Bb+mbb2/ i?2 7mM/K2MiHb Q7 2H2+i`Q+?2KBbi`v `2[mB`2/ iQ mM/2`biM/ i?2
/2p2HQTK2Mi M/ ;QH Q7 i?2 T`QD2+iX h?2 QT2`iBQM Q7 TQi2MiBQbiiB+ /2pB+2b rb `2pB2r2/
M/ i?2 pBH#H2 TQi2MiBQbiib r2`2 #`B2~v /Bb+mbb2/X h?2 TQi2MiBQbii Bb  +`BiB+H +QK@
TQM2Mi 7Q` i?2 2tT2`BK2Mib i?i r2`2 +QM/m+i2/ 7Q` i?2 7mH}HK2Mi Q7 i?Bb T`QD2+iX
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*?Ti2` 9
1tT2`BK2MiH K2i?Q/b
h?Bb +?Ti2` /Bb+mbb2b i?2 2tT2`BK2MiH T`Q+2/m`2b 7QHHQr2/X h?2 pHB/iBQM Q7 i?2
/Bz2`2Mi bT2+ib Q7 i?2 b2MbQ` rb /Bb+mbb2/X
9XR AMi`Q/m+iBQM
h?2 T`Q+2/m`2 7QHHQr2/ iQ T`Qp2 i?2 bbv pHB/Biv rb /BpB/2/ BMiQ irQ Q#D2+iBp2bX h?2
}`bi Q#D2+iBp2 rb iQ i2bi i?2 #BQbB;Mim`2 #BM/BM; M/ 2H2+i`B+H bB;MH rBi? M 2tBbiBM;
#BQb2MbQ`- M/ i?2 b2+QM/ i?2 /2p2HQTK2Mi M/ i2biBM; Q7  KMm7+im`2/ #BQb2MbQ`X HH
2H2+i`Q+?2KB+H i2biBM; +QM/m+i2/ BM i?Bb +?Ti2` r2`2 /QM2 rBi?  :K`v AMi2`7+2 RyyyX
h?2 bT2+B}+iBQM b?22i +M #2 7QmM/ BM TT2M/Bt "X
9Xk "BQ+?2KB+H /2iBH /2bB;M
h?2 K2i?Q/QHQ;v i?i rb /2p2HQT2/ iQ i2bi i?2 pHB/Biv Q7 i?2 #BQ+?2KB+H bT2+i Bb ;Bp2M
BM 6B;m`2 9XRX Ai rb /2p2HQT2/ 7`QK HBi2`im`2 M/ i?2 1GAa T`QiQ+QH Q7 i?2 T`Qi2BMX
h?2 ;QH rb iQ /2i2`KBM2 i?2 pHB/Biv Q7 i?2 b2MbBM; K2+?MB+b #v mbBM;  bBKBH` b2MbQ`
mb2/ BM HBi2`im`2- #mi rBi? i?2 +?Qb2M T`Qi2BMX M BKTQ`iMi /2bB;M +?QB+2 Bb i?2 ivT2
Q7 2H2+i`QHviB+ HB[mB/ mb2/ 7Q` i?2 2H2+i`Q+?2KB+H i2bibX Ai rb /2+B/2/ i?i TQibbBmK
72``B+vMB/2 /BbbQHp2/ BM T?QbT?i2 #mz2/ bHBM2 US"aV rQmH/ #2 mb2/- bBM+2 Bi Bb i?2
biM/`/ mb2/ BM KMv Qi?2` bim/B2bX
jj
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6B;m`2 9XR, 1tT2`BK2MiH /2bB;M ~Qr
h?2 b2MbQ`b T`Q+m`2/ iQ pHB/i2 i?2 bbv T`BM+BTH2 Bb  .`QTa2Mb RRy. +`#QM b+`22M
T`BMi2/ 2H2+i`Q/2 UaS1V rBi?  KQ/B}2/ +`#QM }#`2 bm`7+2X M 2tKTH2 Q7  b2MbQ` Bb
;Bp2M BM 6B;m`2 9XkX
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6B;m`2 9Xk, .`QTa2Mb b+`22M T`BMi2/ 2H2+i`Q/2 (eN)
9XkXR *?2KB+H `2+iBpBiv
h?2 ;QH Q7 i?2 }`bi i2bib r2`2 iQ pHB/i2 i?2 2H2+i`Q`2+iBpBiv Q7 i?2 b2MbQ`X h?2 .`QTa2Mb
b2MbQ`b r2`2 Tm`+?b2/ M/ i?2 b2MbQ`b r2`2 i2bi2/ #27Q`2 Mv bm`7+2 KQ/B}+iBQM rb
/QM2X h?2 }`bi 2tT2`BK2Mib r2`2 bBKTH2 +v+HB+ pQHiKK2i`v br22Tb iQ /2i2`KBM2 i?2
b2MbQ` bi#BHBiv M/ iQ i2bi 7Q` Mv /272+ibX h?2 +v+H2b r2`2 +QM/m+i2/ BM 8 KJ TQibbBmK
72``B+vMB/2 /BbbQHp2/ BM S"aX h?2 S"a rb  ;QQ/ +?QB+2 7Q`  #mz2` #2+mb2 Bi ?b M
MQ/B+ T2F i RXRe o M/ +i?Q/B+ i yXeN o (dy)X h?Bb Bb r2HH #Qp2 i?2 `2/Qt TQi2MiBH
Q7 72``B+vMB/2 Q7 yXjdy9 o (dR)X h?2 2H2+i`QHviB+ HB[mB/ `2+iBQM Bb ;Bp2M #v
Fe(CN)6
3− + e− −−⇀↽ − Fe(CN)64− [0.3704V ]. U9XRV
AM Q`/2` iQ +QKT`2 i?2 b2MbQ`b rBi? HBi2`im`2- i?2 *o T`K2i2`b r2`2 b2i iQ #2 b
7QHHQrb, 9 +v+H2b i Ryy Ko T2` b2+QM/- k Ko bi2Tb- M/ br2Ti #2ir22M  TQi2MiBH Q7
YyXeo iQ @yXeoX
h?2 b2+QM/ mMKQ/B}2/ i2bi +QM/m+i2/ rb b[m`2 rp2 pQHiKK2i`vX h?2 2tT2`BK2Mib
r2`2 +QM/m+i2/ #v //BM; i?2 2H2+i`QHviB+ HB[mB/ QM iQ i?2 b2MbQ` M/ TTHvBM;  TQi2MiBH
br22T iQ i?2 2H2+i`Q/2bX h?2 +m``2Mi rb `2+Q`/2/ M/ MHvb2/ iQ +QM}`K Bib 2H2+i`QHviB+
+iBpBivX ;BM- i?2 +QM+2Mi`iBQM Q7 TQibbBmK 72``B+vMB/2 mb2/ rb 8 KJ- /BbbQHp2/ BM
i?2 S"aX h?2 bT2+B}+ +QM+2Mi`iBQM rb +?Qb2M 7`QK HBi2`im`2 iQ 2M#H2 +QKT`BbQMX h?2
+m``2Mi i r?B+? T`Qi2BM /2Mim`iBQM rQmH/ ?TT2M rb mMFMQrM- i?mb Bi rb /2+B/2/
i?i i?2 +?Qb2M +QM+2Mi`iBQM rb bm{+B2Mi #2+mb2 Bi ?b #22M mb2/ BM bBKBH` 2tT2`@
BK2Mib #27Q`2X h?2 +QM+2Mi`iBQM Q7 i?2 2H2+i`QHviB+ MHvi2 i i?2 `272`2M+2 2H2+i`Q/2
T`QTQ`iBQMHHv z2+ib i?2 T2F +m``2Mi Q7 i?2 K2bm`2K2Mi (je)- i?mb M BM+`2b2/ +QM@
+2Mi`iBQM rQmH/ HbQ H2/ iQ BM+`2b2/ T2F +m``2Mi K2bm`2K2Mib- r?B+? Bb HbQ p2`B}2/
rBi? jXeX h?2 aqo b2iiBM;b r2`2 b 7QHHQrb, br22T 7`QK YyXjo iQ @yX9o BM bi2Tb Q7 8Ko-
ky Ko KTHBim/2- Rk8 Ko T2` b2+QM/- M/ k8 >xX
 br22T Q7 i?2 mMKQ/B}2/ }#`2b +M #2 mb2/ b  `272`2M+2 ;`T? iQ BM/B+i2 Mv +?M;2b
i?i ?TT2M2/ QM i?2 bm`7+2 Q7 i?2 2H2+i`Q/2b #2ir22M 2tT2`BK2MibX 6Q` 2tKTH2- B7 
KQH2+mH2 Bb ii+?2/ iQ i?2 bm`7+2 Q7 i?2 +`#QM- i?2 BMi2`+iBQM Q7 i?i ;2M2`H `2
#2ir22M i?2 2H2+i`Q/2 M/ 2H2+i`QHviB+ HB[mB/ KB;?i #2 Q#bi`m+i2/ /m2 iQ i?2 +?`;2 Q7 i?2
ii+?2/ KQH2+mH2X h?Bb rQmH/ T`QTQ`iBQMi2Hv z2+i i?2 K2bm`2/ T2F +m``2Mi ~QrBM;
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#2ir22M i?2 2H2+i`Q/2b #2+mb2 Q7 i?2 HQr2` +QM+2Mi`iBQM Q7 i?2 2H2+i`Q+iBp2 bT2+B2b i
i?2 BKK2/Bi2 bm`7+2 Q7 i?2 2H2+i`Q/2bX h?2 /Bz2`2M+2 BM i?2 +m``2Mi T2Fb #2ir22M
mMKQ/B}2/ }#`2b M/ 7mM+iBQMHBb2/ }#`2b rQmH/ i?2Q`2iB+HHv BM/B+i2 i?Bb +?M;2X h?i
bB/- i?2 +m``2Mi KB;?i MQi /BKBMBb? b i?2 `2bmHi Q7 i?2 //BiBQMH KQH2+mH2 QM i?2 bm`@
7+2X  TQbBiBp2Hv +?`;2/ KQH2+mH2 +QmH/ ii`+i i?2 M2;iBp2Hv +?`;2/ 2H2+i`QHviB+ ~mB/
M/ mM/2` B/2H +QM/BiBQMb MQi BMi2`+i rBi? BiX h?Bb rQmH/ T`Q##Hv #2 i?2 +b2 B7 i?2
`2/m+iBQM TQi2MiBH Q7 i?2 +?`;2/ KQH2+mH2 Bb 7` rv 7`QK i?2 TQi2MiBH Q7 i?2 2H2+i`Q@
+?2KB+H +2HH i i?i bi;2X A7 i?2 TQi2MiBH br22T Tbb2b i?2 `2/Qt T2F Q7 i?2 2H2+i`QHviB+
HB[mB/- i?2 M2;iBp2 Kbb rQmH/ #2 BM H`;2 [mMiBiB2b i i?2 bm`7+2 Q7 i?2 +`#QM- `2@
bmHiBM; BM  ?B;?2` T2F +m``2Mi i?M 2tT2+i2/X h?Bb T2F +m``2Mi KB;?i MQi #2 ?B;?2`
i?M i?i Q7 i?2 mMKQ/B}2/ }#`2b- #mi `2HiBp2Hv ?B;?2` i?M M 2H2+i`Q/2 rBi?  /Bz2`2Mi
+QM+2Mi`iBQM Q7 i?2 bK2 KQH2+mH2 QM Bib bm`7+2X
9XkXk *`QbbHBMFBM;
h?2 /BxQMBmK bHi rb T`2T`2/ BM bBim- 7QHHQr2/ #v 2H2+i`Q;`7iBM; Bi iQ i?2 b2MbQ`bX h?2
#b2 KQH2+mH2 mb2/ 7Q` +`QbbHBMFBM; rb 9@KBMQ#2MxQB+ +B/ UC7H7NO2V- ;Bp2M BM 6B;m`2
9XjX
6B;m`2 9Xj, 9@KBMQ#2MxQB+ +B/
6B`biHv- ?v/`Q+?HQ`B+ +B/ U>*HV rb /BHmi2/ iQ yX8 J BM /2BQMBb2/ ri2`X h?Bb rb /QM2
#v //BM; k3X93 KH >*H UjkW r2B;?iV bHQrHv iQ Rk8 KH /2BQMBb2/ ri2`X h?2 `2KBMBM;
KQmMi Q7 ri2` rb mb2/ iQ }HH mT i?2 #2F2` iQ 8yy KG iQ +?B2p2 i?2 /2bB`2/ +QM+2M@
i`iBQMX h?2 bHi rb T`2T`2/ #v //BM; kKJ 9@KBMQ#2MxQB+ +B/ iQ i?2 >*H bQHmiBQMX
kKJ bQ/BmK MBi`Bi2 UNaNO2V rb //2/ iQ i?2 KBtim`2 M/ i?2 bQHmiBQM rb biB``2/ 7Q`
}p2 KBMmi2b #27Q`2 mb2X h?Bb rb /QM2 i `QQK i2KT2`im`2 M/ i?2 T> Q7 i?2 }MH
bQHmiBQM rb jX8X 8y KH Q7 i?2 /BxQMBmK bHi rb 7`2b?Hv T`2T`2/ #27Q`2  b2i Q7 i2bib iQ
2Mbm`2 i?i i?2 `2T2i#H2 `2bmHib r2`2 Q#iBM2/X h?2 bHi /2;`/2b BM QM2 Q7 irQ rvb-
?2i2`QHviB+ Q` ?QKQHviB+ (dk)- b?QrM BM 6B;m`2 9X9X h?2 ?2i2`QHviB+ /2;`/iBQM- Q` /2/B@
xQMBiBQM- 7Q`Kb  bi#H2 L2 M/  K2ibi#H2 BMi2`K2/Bi2 i?i }MHHv 7Q`Kb T?2MQHbX
h?Bb /2;`/iBQM Bb bTQMiM2Qmb M/ ?TT2Mb Qp2` iBK2X h?2 ?QKQHviB+ /2/BxQMBiBQM
`2[mB`2b M 2ti2`MH bQm`+2 7Q` M 2H2+i`QM i`Mb72`X h?Bb +M +QK2 7`QK M //BiBQMH
bQHp2Mi- T?QiQ+?2KBbi`v- Q` #v mM/2`;QBM; `2/m+iBQM i M 2H2+i`Q/2 Q7 M 2H2+i`Q+?2KB+H
+2HHX
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6B;m`2 9X9, .BxQMBmK bHi /2;`/iBQM Ti?rvb, UV ?2i2`QHviB+ M/ U#V ?QKQHviB+
h?2 `vH `/B+H T`Q/m+2/ #v i?2 ?QKQHviB+ `2+iBQM +QpH2MiHv #QM/b rBi? i?2 +`#QM
2H2+i`Q/2 7i2` i?2 `2/m+iBQM Q7 i?2 /BxQMBmK bHiX h?Bb Bb /m2 iQ /bQ`TiBQM Q7 i?2 bHi
iQ i?2 2H2+i`Q/2 bm`7+2 #27Q`2 `2/m+iBQM- M/ i?2 `/B+H `2/m+iBQM TQi2MiBH Bb Km+?
KQ`2 TQbBiBp2 7`QK i?i Q7 i?2 /BxQMBmK bHi (dj)X h?2 2H2+i`Q;`7iBM; rb +QM/m+i2/
#v TTHvBM; i?2 bHi iQ i?2 b2MbQ` 2H2+i`Q/2bX AM bmbT2MbBQM- i?2 b2MbQ` rb +QMM2+i2/
iQ i?2 TQi2MiBQbii M/ bm#D2+i2/ iQ  MmK#2` Q7 TQi2MiBH br22TbX h?2 TQi2MiBH rb
br2Ti i Ryy Ko T2` b2+QM/ #2ir22M YyXk o M/ @yXe o- bi`iBM; M/ }MBb?BM; i YyXk
oX h?2 TQi2MiBH rb +?Qb2M 7`QK HBi2`im`2 (9R) r?2`2 i?2 bK2 bQHmiBQM rb mb2/ BM M
2H2+i`Q+?2KB+H b2imT rBi? bBKBH` 2H2+i`Q/2bX h?2 KQmMi Q7 br22Tb r2`2 p`B2/ #2ir22M
R M/ R8 iQ i2bi 7Q` i?2 B/2H KQmMi Q7 +v+H2b 7Q` bm{+B2Mi bm`7+2 +Qp2`;2X h?2 +?2KB+H
T`Q+2bb BM/m+2/ #v i?Bb 2H2+i`Q+?2KB+H `2/m+iBQM Bb ;Bp2M BM 6B;m`2 9X8X
6B;m`2 9X8, 1H2+i`Q+?2KB+H ;`7iBM; QM iQ +`#QM
h?2 ;`7iBM; rb pHB/i2/ #v mbBM; aqo M/ MHvbBM; i?2 `2HiBp2 T2F +?M;2 iQ i?2
+H2M +`#QM aqo ;`T?bX h?2 T`Ki2`b M/ 2H2+i`QHviB+ HB[mB/ mb2/ rb i?2 bK2
b i?i /2b+`B#2/ BM a2+iBQM 9XkXRX h?2 BKKQ#BHBb2/ bm#bi`i2 T`QpB/2/ +`#QtvH ;`QmTb
i?i +QmH/ #2 +iBpi2/ 7Q` +`QbbHBMFBM;X h?2 mb2 Q7 i?Bb K2i?Q/ T`QpB/2/ bi#H2 +QpH2Mi
+`QbbHBMFBM; bBi2b iQ i?2 +`#QM MMQ}#`2b rBi? ?B;? bm`7+2 +Qp2`;2X
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9XkXj GBMF2` +iBpiBQM
7i2` 2H2+i`Q;`7iBM; i?2 MMQ}#`2b- i?2 pBH#H2 +`#QtvH ;`QmTb r2`2 +iBpi2/ #v mb@
BM; 1.* UR@2i?vH@j@(j@/BK2i?vHKBMQT`QTvH)+`#Q/BBKB/2 ?v/`Q+?HQ`B/2V M/ L>a UL@
?v/`Qtvbm++BMBKB/2V- #Qi? ;Bp2M BM 6B;m`2 9XeX 1.* Bb  +`#QtvH M/ KBM2@`2+iBp2
x2`Q@H2M;i? +`QbbHBMF2`X h?2 1.* Bb mb2/ iQ `2+i rBi? i?2 +`#QtvH ;`QmTb- r?B+? i?2M
7Q`Kb M BbQm`2 #v@T`Q/m+iX 7i2` i?2 BMBiBH `2+iBQM- i?2 1.* 7Q`Kb M KBM2@`2+iBp2
P@+vHBbQm`2X h?Bb BM im`M 7`QKb M KB/2 #QM/ 7i2` `2+iBM; rBi? M KBMQ ;`QmTX
h?2 bQHmiBQM 7Q`K2/ Bb mMbi#H2- M/ i?mb i?2 T`Q+2/m`2 `2HB2b QM L>a 7Q` bi#BHBbiBQMX
UV h?2 bF2H2iH 7Q`KmH 7Q` 1.* U#V h?2 bF2H2iH 7Q`KmH 7Q` L>a
6B;m`2 9Xe, *`QbbHBMFBM; #b2 +?2KB+Hb
h?2 T`QiQ+QH bi`i2/ #v +`2iBM; i?2 +B/B+ +QM/BiBQM 7Q` i?2 +`#Q/BBKB/2 `2+iBQMX 
J1a U9@KQ`T?QHBMQ2i?M2bmH7QMB+ +B/V #mz2` rb +`2i2/ #v /BbbQHpBM; yXR J J1a BM
9y KH /2BQMBx2/ ri2`X yX8 J NaCl rb //2/ iQ i?2 bQHmiBQMX h?2 T> Q7 i?2 #mz2` rb
BM+`2b2/ iQ e #v bHQrHv //BM; NaNO3 M/ T2`BQ/B+ biB``BM; Q7 i?2 bQHmiBQM BM i?2 #2F2`X
kKJ 1.* rb //2/ iQ i?2 bQHmiBQM- 7QHHQr2/ #v 8 KJ L>aX h?2 T`Q+2/m`2 Bb b?QrM
BM 6B;m`2 9XdX
6B;m`2 9Xd, *`QbbHBMF2` +iBpiBQM M/ BKKQ#BHBbiBQM T`QiQ+QH
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h?2 +iBpiBQM bQHmiBQM rb i?2M TH+2/ QM i?2 2H2+i`Q;`7i2/ b2MbQ`b #v //BM; R8 ƒH QM
i?2 rQ`FBM; 2H2+i`Q/2 Q7 2+? b2MbQ`X h?Bb Bb b?QrM BM 6B;m`2 9X3X
6B;m`2 9X3, +iBpiBQM bQHmiBQM TH+2/ QM rQ`FBM; 2H2+i`Q/2
h?2 `2[mB`2K2Mi 7Q` i?2 i`;2i KQH2+mH2 b?QrM BM 6B;m`2 9Xd Bb i?i Bi b?QmH/ ?p2 KBMQ
;`QmTb pBH#H2 7Q` i?2 `2+iBQMX M MiB#Q/v Bb  ;QQ/ 2tKTH2- #2+mb2 Bi ?b `2/BHv
pBH#H2 KBMQ ;`QmTb 7Q` BKKQ#BHBbiBQMX h?2 BKKQ#HBHBbiBQM ?TT2Mb #2+mb2 Q7 i?2
KB/2 #QM/ i?i 7Q`K- b T`2pBQmbHv /2b+`B#2/X
9XkX9 *Tim`2 MiB#Q/v HBMFBM;
6QHHQrBM; +iBpiBQM Q7 i?2 +`#QtvH ;`QmTb- i?2 i`;2i KQH2+mH2 rb TH+2/ QM i?2 rQ`F@
BM; 2H2+i`Q/2 Q7 i?2 b2MbQ`b 7Q` BKKQ#BHBbiBQMX h?2 T`QiQ+QH 7Q` i?Bb rb /2p2HQT2/ 7`QK
i?2 1GAa T`QiQ+QHb bm;;2bi2/ #v i?2 bmTTHvBM; +QKTMv UJ#i2+?VX q?2M MQi BM mb2-
i?2 MiB#Q/v rb biQ`2/ BM i?2 Q`B;BMH +QMiBM2` i 9ê*X
h?2 }`biHv i?2 MiB#Q/v bim`iBQM +QM+2Mi`iBQM rb iQ #2 /2i2`KBM2/X h?2 pBH#H2
MiB#Q/v rb 2[mBM2 MiB@A6L@γ -  KQMQ+HQMH +Tim`2 MiB#Q/v UJh ReeVX h?2 MiB@
#Q/v +K2 BM  jyy ƒH pBH i  +QM+2Mi`iBQM Q7 yX8 K;fKH BM bi2`BH2@}Hi2`2/ S"a rBi?
bQ/BmK xB/2 UyXykWVX h?2 1GAa T`QiQ+QH `2[mB`2b i?2 MiB#Q/v iQ #2 /BHmi2/ iQ k ƒ;fKH
BM S"a r?B+? ?b  T> Q7 dX9- M/ i?2M //BM; Ryy ƒH Q7 i?2 bQHmiBQM T2` r2HHX aBM+2
Bi rb MQi TQbbB#H2 iQ ++m`i2Hv /2i2`KBM2 i?2 bm`7+2 +Qp2`;2 Q7 i?2 HBMF2`- i?2 B/2H
+QM+2Mi`iBQM Q7 i?2 MiB#Q/v ?/ iQ #2 /2i2`KBM2/X
h?2 MiB#Q/B2b r2`2 /BHmi2/ 7`QK yX8 K;fKH iQ  b2i Q7 }p2 /Bz2`2Mi +QM+2Mi`iBQMbX
h?2b2 +QM+2Mi`iBQMb r2`2 Ryy- Ry- R- yXR- M/ yXyR ƒ;fKHX h?2 ?B;?2bi +QM+2Mi`iBQM rb
+?B2p2/ #v TBT2iiBM; 9 ƒH Q7 i?2 Q`B;BMH bKTH2 BM iQ Re ƒH Q7 S"a- T> dX9X h?Bb rb
KBt2/ #v `2T2i#Hv bTB`iBM; i?2 bKTH2 rBi?  TBT2ii2X h?2 M2ti +QM+2Mi`iBQM rb
K/2 #v `2KQpBM; k ƒH Q7 i?2 ?B;?2` +QM+2Mi`iBQM iQ  M2r +QMiBM2` +QMiBMBM; R3 ƒH
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S"a- i?mb /BHmiBM; Bi rBi?  7+iQ` Q7 RyX h?2 T`Q+2bb rb `2T2i2/ mMiBH HH Q7 i?2 /2bB`2/
+QM+2Mi`iBQMb r2`2 K/2X
h?2 rQ`FBM; 2H2+i`Q/2b Q7 }p2 .`QTa2Mb b2MbQ`b i?i ?/ +iBpi2/ +`#QtvH ;`QmTb r2`2
+Qp2`2/ rBi? R8ƒH Q7 i?2 /Bz2`2Mi +QM+2Mi`iBQMb Q7 i?2 MiB#Q/v bQHmiBQMbX h?Bb Bb i?2
bK2 b rb BHHmbi`i2/ BM 6B;m`2 9X3X h?2 b2MbQ`b r2`2 i?2M TH+2/ BM M mMmb2/ T2i`B
/Bb?X M //BiBQMH R KH Q7 /2BQMBb2/ ri2` rb TH+2/ BM i?2 T2i`B /Bb? b2T`i2HvX h?2
ri2` T`2p2Mi2/ i?2 R8ƒH /`QTH2ib iQ 2pTQ`i2X Ai +`2i2/  ri2` bim`i2/ 2MpB`QMK2Mi
BM i?2 T2i`B /Bb? #v /QKBMiBM; i?2 BMBiBH 2pTQ`iBQM mMiBH i?2 2MpB`QMK2Mi `2+?2/
2[mBHB#`BmKX .2BQMBb2/ ri2` rb +?Qb2M b  bmBi#H2 HB[mB/ bBM+2 i?2 KBM BM;`2/B2Mi Q7
S"a Bb ri2`X h?2 T2i`B /Bb? rb i?2M TH+2/ BM 9ê* M/ H27i iQ BM+m#i2 Qp2`MB;?iX
PM+2 i?2 BM+m#iBQM rb +QKTH2i2/- i?2 ri2` rb /`BM2/ 7`QK i?2 T2i`B /Bb? M/ i?2
b2MbQ`b +`27mHHv `2KQp2/X 1+? b2MbQ` rb rb?2/ rBi? S"a irQ iBK2b iQ `2KQp2 Mv
mM#QmM/ MiB#Q/B2b i?i KB;?i BMi2`72`2 rBi? i?2 b2[m2MiBH T`Q+2bb2bX h?2 rb?2/ b2M@
bQ`b r2`2 BM+m#i2/ 7Q` QM2 ?Qm` i `QQK i2KT2`im`2 BM S"a +QMiBMBM; yXy8W hr22M ky
M/ yXRW #QpBM2 b2`mK H#mKBM U"aV- 7`QK MQr QM `272``2/ iQ b i?2 BM+m#iBQM #mz2`X
h?2 hr22M ky Bb  7`2[m2MiHv mb2/ MQMBQMB+ /2i2`;2Mi i?i T`2p2Mib MQMbT2+B}+ #BM/BM;X
h?2 "a Bb  bi#H2 ;HQ#mH` T`Qi2BM i?i- BM i?Bb +b2- #HQ+Fb Mv QT2M #BM/BM; bBi2b
i?i KB;?i ?p2 MQi `2+i2/ rBi? i?2 MiB#Q/B2bX M BHHmbi`iBQM Q7 i?2 HBMF2/ MiB#Q/v
Bb ;Bp2M BM 6B;m`2 9XNX
6B;m`2 9XN, JQMQ+HQMH +Tim`2 MiB#Q/v HBMF2/ iQ +`#QM
h?2 b2MbQ`b r2`2 rb?2/ }MHHv rBi? S"a +QMiBMBM; yXy8W hr22M ky }p2 iBK2b iQ `2KQp2
HH `2KBMBM; mMrMi2/ KQH2+mH2b- ?2M+27Q`i? +HH2/ i?2 rb? #mz2`X 6BMHHv- i?2 MiB#Q/v
HBMFBM; rb pHB/i2/ #v aqo b BM a2+iBQM 9XkXRX
9XkX8 AMi2`72`QM@;KK +Tim`2
h?2 `2bmHib Q7 a2+iBQM 9XkX9 T`QpB/2/ #v i?2 aqo i2bib r2`2 mb2/ iQ /2+B/2 QM  bmBi#H2
+QM+2Mi`iBQM Q7 +Tim`2 MiB#Q/B2b iQ mb2 7Q` i?2 /2i2+iBQM Q7 A6L@γ X h?2 T`Q+2bb /2@
b+`B#2/ #v a2+iBQM 9XkXk M/ 9XkX9 rb `2T2i2/- #mi rBi?  bBM;H2 +QM+2Mi`iBQM Q7 i?2
+Tim`2 MiB#Q/vX
h?2 M2ti bi2T rb iQ #BM/ i?2 A6L@γ T`Qi2BM iQ i?2 +Tim`2 MiB#Q/vX h?2 bK2 T`Q+2bb
rb 7QHHQr2/ iQ /BHmi2 i?2 T`Qi2BM b rb r?2M /BHmiBM; i?2 +Tim`2 MiB#Q/vX h?2 T`Qi2BM
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rb bmTTHB2/ #v i?2 K2/B+H +KTmb Q7 ai2HH2M#Qb+? lMBp2`bBiv- hv;2`#2`;X h?2 T`Qi2BM
rb `2+QK#BMMi 2[mBM2 biM/`/ i  +QM+2Mi`iBQM Q7 yX8 ƒ;fKH M/ Bi rb biQ`2/ i
@kyê* r?2M MQi mb2/X
h?2 T`Qi2BM rb /BHmi2/ iQ Ryy- Ry- R- yXR- M/ yXyR M;fKHX h?2 }`bi /BHmiBQM rb /QM2
#v //BM; 3 ƒH Q7 i?2 Q`B;BMH +QM+2Mi`iBQM iQ jk ƒH Q7 i?2 BM+m#iBQM #mz2`X h?Bb rb
bTB`i2/ KmHiBTH2 iBK2b iQ KBt i?2 bQHmiBQMX h?2 7QHHQrBM; /BHmiBQMb r2`2 /QM2 #v TH+BM;
9 ƒH Q7 i?2 ?B;?2` +QM+2Mi`iBQM bQHmiBQM BM je ƒH Q7 i?2 BM+m#iBQM #mz2`- mMiBH i?2 }MH
+QM+2Mi`iBQM rb Q#iBM2/X h?2 bQHmiBQMb r2`2 TH+2/ BM R8ƒH [mMiBiB2b QM i?2 b2MbQ`b
M/ BM+m#i2/ i `QQK i2KT2`im`2 7Q` k ?Qm`bX 7i2` BM+m#iBQM i?2 b2MbQ`b r2`2 rb?2/
}p2 iBK2b i?2 rb? #mz2`X h?2 b2MbQ` bii2 i i?Bb bi;2 Bb ;Bp2M BM 6B;m`2 9XRyX
6B;m`2 9XRy, AMi2`72`QM ;KK +Tim`2/ #v MiB#Q/v
9XkXe aB;MH MiB#Q/v HBMFBM;
h?2 H#2H KQH2+mH2 +?Qb2M rb ?Q`b2`/Bb? T2`QtB/b2 U>_SV- #2+mb2 i?Bb Bb i?2 biM/`/
KQH2+mH2 mb2/ 7Q`  pBbmH [mMiB}+iBQM BM M 1GAa i2biX h?2 b2+QM/`v MiB#Q/v ?/
iQ #2 HBMF2/ iQ i?2 BMi2`72`QM ;KK iQ T`QpB/2  #b2 7Q` i?2 >_S iQ #BM/ iQX
h?2 #BQiBMvHi2/ MiB#Q/v rb /BHmi2/ 7`QK yX8 K;fKH iQ Rƒ;fKH BM i?2 BM+m#iBQM #mz2`
b BM M 1GAa i2biX h?Bb rb /QM2 #v TH+BM; R ƒH Q7 i?2 MiB#Q/v BM 9NN ƒH Q7 i?2 #mz2`X
h?2 /BHmi2/ b2+QM/`v MiB#Q/v bQHmiBQM rb TH+2/ QM i?2 b2MbQ`b BM R8 ƒH HB[mQib M/
BM+m#i2/ i `QQK i2KT2`im`2 7Q` QM2 ?Qm`X h?2 b2MbQ`b r2`2 i?2M rb?2/ }p2 iBK2b
rBi? i?2 rb? #mz2`X h?2 +Tim`2 b2+QM/ MiB#Q/v Bb b?QrM BM 6B;m`2 9XRRX
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6B;m`2 9XRR, a2+QM/`v MiB#Q/v QM BMi2`72`QM ;KK
h?2 ai`2Tip/BM@>_S rb /BHmi2/ R,Ryyy BM i?2 BM+m#iBQM #mz2`X h?Bb rb TH+2/ QM
i?2 b2MbQ`b BM R8 ƒH HB[mQib M/ BM+m#i2/ i `QQK i2KT2`im`2 7Q` QM2 ?Qm`X h?2 b2MbQ`b
r2`2 rb?2/ }p2 iBK2b rBi? i?2 rb? #mz2`X h?2 }MH +QM};m`iBQM Bb b?QrM BM 6B;m`2
9XRkX
6B;m`2 9XRk, 6BMH b2MbQ` bm`7+2 +QM};m`iBQM
h?2 b2MbQ`b r2`2 i?2M i2bi2/ rBi? aqo b BM a2+iBQM 9XkXR- #mi rBi? 8 KJ ?v/`Q;2M
T2`QtB/2 //2/ iQ i?2 72``B+vMB/2 2H2+i`QHviB+ bQHmiBQMX h?2 +v+H2 Q7 i?2 i?2Q`2iB+H
2H2+i`QM i`Mb72` ;Bp2M BM 6B;m`2 9XRjX h?2 Tm`TQb2 Q7 i?2 >_S H#2HHBM; rb iQ +i b M
KTHB}2` 7Q` i?2 biM/`/ 2H2+i`QHviB+ 2H2+i`QM i`Mb72`X
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6B;m`2 9XRj, a2MbQ` 2H2+i`QM i`Mb72`
h?2 mbmH `2+iBQM i?i iQQF TH+2 Bb i?2 bK2 b BM 9XR rBi? i?2 //BiBQM Q7 >_S iQ
T`Q/m+2 i?2 r2HH FMQrM QtB/iBQM Q7 72``Q+vMB/2 #v >_S (d9)X h?Bb `2+iBQM bi`ib rBi?
HRP + H2O2 −−→ HRP−I, U9XkV
r?2`2 i?2 >_S Bb `2/m+2/ iQ  }`bi `2/m+iBQM bii2X Ai Bb 7m`i?2` `2/m+2/ #v
HRP−I + Fe(CN)64− −−→ HRP−II + Fe(CN)63−, U9XjV
M/ i?2M 7i2` i?2 b2+QM/ `2/m+iBQM Bi Bb QtB/Bb2/ ;BM
HRP−II + Fe(CN)64− −−→ HRP + Fe(CN)63−. U9X9V
9XkXd a2MbQ` /2p2HQTK2Mi
h?2 ;QH Q7 i?2 b2+QM/ T?b2 Q7 i?2 T`QD2+i rb iQ /2p2HQT  #BQb2MbQ` BM@?Qmb2 rBi?
i?2 pBH#H2 2[mBTK2Mi M/ Ki2`BHb b 7` b TQbbB#H2X h?2 .`QTa2Mb ;2QK2i`B2b r2`2
mb2/ b  /2bB;M iQ #b2 i?2 b2MbQ`b QM #2+mb2 Q7 Bib T`Qp2M bi#BHBiv M/ iQ 2M#H2
+QKT`BbQM Q7 i?2 bB;MHb Q7 i?2 /Bz2`2Mi b2MbQ`bX h?2 ;2QK2i`v Q7 i?2 2H2+i`Q/2b ?b MQ
BM~m2M+2 QM i?2 T2F +m``2Mi Q7  `2p2`bB#H2 aqo bvbi2K (d8)- #mi 7Q` i?Q`Qm;?M2bb Bi
rb MQi +?M;2/X AM iQiH- b2p2M /Bz2`2Mi +QM};m`iBQMb r2`2 i2bi2/ M/ i`B2/ iQ +?B2p2
 7mM+iBQMBM; b2MbQ`- 7Qm` Q7 r?B+? r2`2 rQ`i? K2MiBQMBM;X h?2 /2p2HQTK2Mi Q7 i?2b2
b2MbQ`b `2 /Bb+mbb2/ BM i?2 M2ti *?Ti2`X h?2 2tT2`BK2MiH T`Q+2/m`2b 7QHHQr2/ 7Q` i?2
pHB/iBQM Q7 i?2b2 b2MbQ`b r2`2 i?2 bK2 b i?2 2tT2`BK2Mib +QKTH2i2/ #v i?2 .`QTa2Mb
b2MbQ`b- bi`iBM; i a2+iBQM 9XkXR M/ 2M/BM; i a2+iBQM 9XkXeX A7  T`Q+2/m`2 rb +?M;2/-
i?Bb rb MQi2/ BM i?2 2tT2`BK2MiH /Bb+mbbBQMX
9Xj J2bm`2K2Mi /2}MBiBQMb
h?2 ivTB+H K2bm`2K2Mib i?i r2`2 iF2M /m`BM;  aqo br22T `2 ;Bp2M BM 6B;m`2
9XR9X h?2 7Q`r`/ +m``2Mi Bb i?2 +m``2Mi bKTH2/ i i?2 2M/ Q7 i?2 mTr`/b TmHb2b Q7 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pQHiKK2i`v br22T- M/ i?2 `2p2`b2 +m``2Mi i?i Q7 i?2 /QrMr`/b TmHb2bX h?2 /Bz2`2M+2
Q7 i?2b2 +m``2Mib `2 i?2M T`2b2Mi2/ b i?2 aqo pQHiKKQ;`KX
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_2p2`b2 +m``2Mi
*m``2Mi /Bz2`2M+2
6B;m`2 9XR9, .Bz2`2Mi +m``2Mi `2bTQMb2 7Q` aqo
"Qi? i?2 7Q`r`/ M/ `2p2`b2 +m``2Mi +m`p2b +``v BM7Q`KiBQM Q7 i?2 2H2+i`QHviB+ bvbi2K-
#mi 7Q` i?Bb T`QD2+i QMHv i?2 +m``2Mi /Bz2`2M+2 rb +QMbB/2`2/ BM i?2 /i MHvbBb iQ
/2i2`KBM2 +QM+2Mi`iBQMbX h?2 T2F Q7 i?2 +m``2Mi /Bz2`2M+2 +m`p2 `2HiBp2 iQ x2`Q rb
mb2/ iQ +QKT`2 i?2 `2bmHib Q7 i?2 /Bz2`2Mi aqo 2tT2`BK2Mib- 7i2` #b2HBM2 +Q``2+iBQMbX
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9X9 MHvbBb i2+?MB[m2b
h?2 F2v iQ b[m`2 rp2 pQHiKK2`v +QM+2Mi`iBQM MHvbBb i?2 +QKT`BbQM Q7 i?2 T2F
+m``2Mi Q7 i?2 /Bz2`2Mi 2tT2`BK2MibX h?2`2 2tBbib 2H2K2Mib 2K#2//2/ BM i?2 /i i?i
KF2b Bi MQi TQbbB#H2 iQ +QKT`2 mM}Hi2`2/ `2bmHibX
h?2 }`bi Q7 i?2b2 Bb bvbi2K MQBb2 TB+F2/ mT /m`BM; /i bKTHBM;X .2T2M/BM; QM i?2
bB;MH@iQ@MQBb2 `iBQ- i?Bb +M #2 BKT`Qp2/ #v mbBM;  bBKTH2 bQ7ir`2 }Hi2`X h?2 b2+QM/
2H2K2Mib i?i +QmH/ ?p2 M BKT+i Bb i?2 bi`imT +m``2Mi Q7 i?2 2H2+i`Q+?2KB+H `2+iBQMX
+iBM; b  +?`;BM; +T+BiQ`- i?2 +m``2Mi BM+`2b2b mMiBH Bi `2+?2b M 2[mBHB#`BmK pHm2X
h?2 2[mBHB#`BmK pHm2 +M #2 /2i2`KBM2/ M/ i?2M bm#i`+i2/ iQ B/ BM i?2 MHvbBbX h?2
}MH KDQ` 2H2K2Mi Bb  ;2M2`H i`2M/ i?`Qm;?Qmi i?2 2tT2`BK2MiX h?Bb +QmH/ #2 /m2 iQ M
//BiBQMH `2+iBQM #2+mb2 Q7 +QMiKBMiBQM Q`  /272+i BM i?2 b2MbQ`- bm+? b //BiBQMH
K2iH BQM i`Mb72`b #2ir22M i?2 2H2+i`Q/2bX  MQ`KHBbBM; H;Q`Bi?K rb /2p2HQT2/ iQ
KBMBKBb2 i?2 2z2+i Q7 i?2b2 2H2K2Mib- M/ i?Bb rb TTHB2/ iQ 2+? BM/BpB/mH /i b2i
;i?2`2/ 7`QK i?2 2tT2`BK2MibX
h?2 KBM Tm`TQb2 Q7 i?2 MQ`KHBbiBQM H;Q`Bi?K rb iQ B/2MiB7v i?2 BM~2+iBQM TQBMib
Q7 i?2 `2/Qt T2F BM i?2 /i b2i- //  #b2HBM2 iQ i?2b2 TQBMib- M/ +QKT`2 i?2 T2Fb
`2HiBp2 iQ i?2B` #b2HBM2bX h?Bb K2i?Q/ rb /2p2HQT2/ 7`QK MHvbBM; 2tT2`BK2MiH `2@
bmHib T`2b2Mi2/ BM HBi2`im`2 M/ i?2 /i ;i?2`2/ /m`BM; i?2 2tT2`BK2Mib +QM/m+i2/ 7Q`
i?Bb T`QD2+iX
M 2tKTH2 Q7 i?2 2tT2`BK2MiH `2bmHib Bb ;Bp2M BM 6B;m`2 9XR8X >2`2 i?2 bi`imT +m`@
`2Mi +M +H2`Hv #2 Q#b2`p2/X h?Bb ?b MQ 2z2+i QM i?2 `2/Qt T2F Q7 i?2 pQHiKKQ;`K-
#mi 7`QK  /i MHvbBb T2`bT2+iBp2 Bi rQmH/ ?BM/2` b2MbBiBp2 KBMBKmK M/ KtBKmK
pHm2 }M/BM; K2i?Q/bX h?2 /i Bib2H7 HbQ b22Kb MQBbvX h?2 MQBb2 iQ bB;MH `iBQ /Q2b
MQi b22K iQ #2 +HQb2Hv `2Hi2/X h?2 T2F Bib2H7 Bb r2HH /2}M2/ #2vQM/ i?2 MQBb2 M/ i?2
bi2/v bii2 +m``2MibX
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bm`2/ +m``2Mi Q7 aqo `2bTQMb2 2tKTH2
6Q` MHvbBb Tm`TQb2b- i?2 bi`imT +m``2Mi rb `2KQp2/ 7`QK i?2 /iX 6B;m`2 9XRe b?Qrb
i?2 7`K2/ /i mb2/ 7m`i?2` #v i?2 H;Q`Bi?K iQ MHvb2 i?2 /i iQ /2i2`KBM2  #b2HBM2X
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h?2 /i rb HbQ KQp2/ bQ i?i i?2 }MH pHm2 rb +2Mi`2/ QM x2`QX h?Bb ?2HT2/ F22T
i`+F Q7 ++2/2MiH /i bF2rBM; #v pBbmHHv +QKT`BM; i?2 }MH T2Fb rBi? i?2 +2Mi`2/
/iX
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6B;m`2 9XRe, 6`K2 /i mb2/ 7Q` MHvbBb Q7 aqo `2bTQMb2 2tKTH2
h?2 M2ti bi2T rb iQ }Hi2` i?2 /i rBi?  HQr@Tbb }Hi2`X h?2 +?Qb2M }Hi2` rb  apBixFv@
:QHv bKQQi?BM; }Hi2`X h?2 }Hi2` 2KTHQvb +QMpQHmiBQM iQ T`2b2`p2 i?2 Q`B;BMH 7Q`K Q7 i?2
/i M/ `2D2+i MQBb2X h?2 }Hi2`2/ 7`K2 Q7 /i +M #2 b22M BM 6B;m`2 9XRdX AM +QMi`bi
iQ  KQpBM; p2`;2 }Hi2`BM; i2+?MB[m2- 7Q`  b2H2+i 7`K2 Q7 i?2 /i i?2 apBixFv@:QHv
}Hi2` TT`QtBKi2b i?2 mM/2`HvBM; 7mM+iBQM rBi? TQHQMQKBH 7mM+iBQM BMbi2/ Q7 M p2`;2
+QMbiMiX h?2 7`K2 Q7 /i- ?2`2  7`K2 rBi?BM i?2 b2H2+i2/ 7`K2 Q7 /i- Bb }ii2/ rBi?
 TQHQMQKBH Q7  +2`iBM /2;`22 #v mbBM;  H2bi b[m`2b }iX h?2 T`Q+2bb Bb `2T2i2/
#v KQpBM; i?2 7`K2 Q7 /i iQ BM+Hm/2 i?2 M2ti TQBMi BM i?2 /i b2i 7i2`  bm++2bb7mH
TQHQMQKBH }i iQ i?2 T`2pBQmb 7`K2X h?2 ++m`+v Q7 `2T`2b2MiBM; i?2 Q`B;BMH b2i Q7 /i
Bb BM+`2b2/ #v BM+`2bBM; i?2 Q`/2` Q7 i?2 TQHQMQKBH- M/ i?2 bKQQi?BM; BM+`2b2/ rBi?
 /2+`2b2 BM TQHQMQKBH Q`/2`X
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h?2 /2`BpiBp2 Q7 i?2 }Hi2`2/ /i rb mb2/ iQ /2i2`KBM2 i?2 BM~2+iBQM TQBMib Q7 i?2
T2F iQ i?2 bi2/v bii2 +m``2MiX h?Bb rb /QM2 #v }M/BM; i?2 KtBKmK M/ KBMBKmK
pHm2b Q7 i?2 /2`BpiBp2 M2` i?2 2tT2+i2/ `2/Qt `2+iBQM TQi2MiBHX h?2 pHm2b BM/B+i2/
TT`QtBKi2Hv i?2 KB/TQBMi iQr`/b i?2 bQm;?i BM~2+iBQM TQBMibX h?2 Bi2`iBQMb i?i
7QHHQr2/ b2`+?2/ 7Q`  KBMBKmK Q` KtBKmK- Q`  x2`Q iQ i?2 H27i M/ `B;?i Q7 i?2
KBMBKmK M/ KtBKmK pHm2b- `2bT2+iBp2HvX h?2b2 HH BM/B+i2/  +?M;2 BM i?2 Q`B;BMH
/i- r?B+? r2`2 i?2 BM~2+iBQM TQBMibX  pBbmH `2T`2b2MiiBQM Q7 i?2 Bi2`iBQMb +M #2
b22M BM 6B;m`2 9XR3X
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i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H mM}Hi2`2/
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i +M #2 b22M BM 6B;m`2 9XRNX
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"b2HBM2
6B;m`2 9XRN, "b2HBM2 M/ mM}Hi2`2/ aqo `2bTQMb2 2t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h?2 #b2HBM2 rb bm#i`+i2/ 7`QK i?2 /i iQ ?p2 Bi +2Mi`2/ `QmM/ x2`QX h?Bb rb mb2/
iQ +H+mHi2 i?2 /Bz2`2Mi T2F +m``2Mib iQ +QKT`2 i?2 /Bz2`2Mi aqo b2ibX h?2 +2Mi`BM;
HbQ HHQr2/ 7Q` pBbmH BMi2`T`2iiBQM Q7 i?2 T2F +m``2MibX h?2 }MH /i rb bKQQi?2/
rBi? i?2 bK2 apBixFv@:QHv }Hi2`X h?2 +2Mi`2/ /i Q7 i?2 2tKTH2 2tT2`BK2Mi Bb ;Bp2M
BM 6B;m`2 9XkyX LQi2 i?2 T2F ;2M2`i2/ #v i?2 bKQQi?BM; M/ #b2HBM2 bm#i`+iBQMX h?Bb
2H2K2Mi rb F2Ti BM i?2 2tKTH2- #mi rb TQbi@T`Q+2bb2/ B7 i?2 }MH `2bmHi `2[mB`2/ BiX
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SQi2MiBH ;f;*H UoV
*
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Mi
Uƒ

V
"b2HBM2 +Q``2+i2/ /i
6B;m`2 9Xky, LQ`KHBb2/ aqo `2bTQMb2 2tKTH2
9X8 .2bB;M pHB/Biv
b K2MiBQM2/ T`2pBQmbHv- i?2 T`QD2+i rb +QKTQb2/ Q7 irQ /Bz2`2Mi T?b2bX h?2 }`bi
T?b2 rb iQ /2p2HQT i?2 #BQ+?2KB+H bT2+i Q7 i?2 T`QD2+i- M/ i?2 b2+QM/ iQ /2p2HQT 
b2MbQ` rBi? i?2 H`2/v rQ`FBM; #BQ+?2KB+H bvbi2KX
AM Q`/2` iQ /2p2HQT i?2 #BQ+?2KB+H bvbi2K- i?2 b2MbQ` ?/ iQ #2  T`Qp2M T`Q/m+i rBi?
bmTTQ`iBM; HBi2`im`2 M/  +HQb2 2MQm;? TT`QtBKiBQM Q7 i?2 b2MbQ` i?i rb BMi2M/2/
iQ #2 /2p2HQT2/X h?Bb rb iQ bBKmHi2 i?2 2MpB`QMK2Mi BM r?B+? i?2 }MH b2MbQ`b rQmH/
QT2`i2 M/ i2bi i?2 2H2+i`Q+?2KB+H b2MbBM; K2+?MBbK rBi? i?2 BMi2M/2/ #BQHQ;B+H Ki@
i2`X h?2 `2bmHib Q7 i?2b2 rQmH/ i?2M +QKT`2 rBi? HBi2`im`2 iQ bQK2 2ti2Mi 7Q` pHB/iBQM-
2M#HBM; 7m`i?2` /2p2HQTK2Mi r?2`2 HBi2`im`2 rQmH/ // H2bb pHm2 iQ i?2 BMi2`T`2iiBQM
Q7 i?2 b2MbQ` bvbi2K /vMKB+bX h?2 .`QTa2Mb 2H2+i`Q/2b T`QpB/2/ i?2 #bBb `2[mB`2/ iQ
/Q Dmbi i?BbX h?2 aS1 KQ/B}2/ rBi? MMQ}#`2b rb  +HQb2 TT`QtBKiBQM Q7 i?2 b2MbQ`b
i?i r2`2 iQ #2 /2p2HQT2/- M/ i?2 bmTTQ`iBM; HBi2`im`2 7Q` i?2b2 b2MbQ`b r2`2 /2[mi2
iQ pHB/i2 2tT2`BK2MiH `2bmHib +QMi2timHHvX
9Xe J2i?Q/QHQ;B+H bbmKTiBQMb
h?2 /2bB;M2/ K2i?Q/ rQ`Fb mM/2` i?2 bbmKTiBQM i?i Tm`2 BMi2`72`QM ;KK Bb TH+2/
QM i?2 b2MbQ`X h?2 BMi2`72`QM rb TH+2/ BM  #mz2` iQ T`2p2Mi MQMbT2+B}+ #BM/BM;bX AM
 `2HBbiB+ bbv- b ;Bp2M #v i?2 q>P bT2+B}+iBQMb BM h#H2 kXR- rQmH/ #2 /2p2HQT2/
7Q`  TQBMi@Q7@+`2 /2pB+2 r?2`2 bm+? `2bQm`+2b M/ i`BMBM; rQmH/ MQi #2 `2/BHv pBH#H2X
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Ai rb bbmK2/ i?i MQ +`BiB+H +QKTQM2Mib Q7 i?2 /i rb z2+i2/ rBi? i?2 #b2HBM2
+Q``2+iBQM H;Q`Bi?K i?i rb /2p2HQT2/ M/ 2KTHQv2/X Ai rb /2p2HQT2/ b +`BiB+HHv b
TQbbB#H2- rBi? MQ i`Mb7Q`KiBQM /B`2+iHv /QM2 QM i?2 Q`B;BMH /i 2t+2Ti i i?2 p2`v 2M/
Q7 i?2 H;Q`Bi?K- MK2Hv i?2 bKQQi?BM; M/ #b2HBM2 bm#i`+iBQM- M/ TQbbB#H2 bi`imT
+m``2Mi `2KQpHX 1+? /i b2i rb BM/BpB/mHHv 2tKBM2/ M/ i?2 H;Q`Bi?K bm++2bb rb
pHB/i2/ BM i?2 bK2 7b?BQM b 2tTHBM2/ BM a2+iBQM 9X9X h?2 /2pB+2 HbQ 7mM+iBQMb mM@
/2` i?2 bbmKTiBQM i?i i?2 /i +QmH/ #2 BMi2`T`2i2/ `2HiBp2 iQ `2bQM#H2 +HB#`i2/
K2bm`2K2MibX J2i?Q/b bm+? b #b2HBM2 +Q``2+iBQM T`Qp2 iQ #2 BM2z2+iBp2 B7 i?2 +QM@
/BiBQMb /Bz2` 7`QK i?2 H#Q`iQ`v b2imT bm+? b r?2`2 i?2 2tT2`BK2Mib Q7 i?2 T`QD2+i
rb +QM/m+i2/X AM i?2b2 +b2b #b2HBM2 +Q``2+iBQM b?QmH/ #2 +HB#`i2/ 7Q` i?2 Ki+?BM;
+QM/BiBQMb M/ /2p2HQT2/ iQ #2 KQ`2 `Q#mbiX
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*?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>`/r`2 /2p2HQTK2Mi
h?Bb +?Ti2` `2pB2rb i?2 ?`/r`2 /2p2HQTK2Mi `2Hi2/ iQ i?2 2tT2`BK2MiH K2i?Q/b
Q7 *?Ti2` 9X
8XR .2p2HQTK2Mi 2[mBTK2Mi
.m`BM; i?2 /2p2HQTK2Mi Q7 HH Q7 i?2 bmTTQ`iBM; ?`/r`2 Bi rb /2+B/2/ iQ F22T i?2
/2bB;Mb bBKTH2 M/ 2bv iQ `2THB+i2X PM2 F2v TB2+2 Q7 2[mBTK2Mi mb2/ iQ /2p2HQT i?2
?`/r`2 Bb  ha9y9y CO2 Hb2` +miiBM; bvbi2KX h?2 bvbi2K rb //2/ iQ i?2 H#Q`iQ`v
2[mBTK2Mi i i?2 bi`i Q7 i?2 T`QD2+i M/ i?2`27i2` mb2/ BM 2p2`v bBM;H2 KMm7+im`BM;
T`Q+2bb Q7 i?Bb T`QD2+iX HH /2bB;Mb r2`2 i?2`27Q`2 #b2/ QM i?2 /pMi;2b M/ HBKBiiBQMb
BKTQb2/ #v i?2 Hb2` +miiBM; K2i?Q/X h?2 +HB#`iBQM Q7 i?2 bvbi2K Bb /Bb+mbb2/ BM
TT2M/Bt X
8Xk .`QTa2Mb +HKT
AM Q`/2` iQ 7+BHBii2  `2T2i#H2 2tT2`BK2MiH b2imT-  +HKT rb /2bB;M2/ M/ 7#`B+i2/
iQ ?QH/ i?2 .`QTa2Mb b2MbQ` r?BH2 /QBM; K2bm`2K2MibX 6B;m`2 8XR ;Bp2b  *QKTmi2`
B/2/ .2bB;M U*.V KQ/2H Q7 i?2 /2bB;MX
8y
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6B;m`2 8XR, *HKT KQ/2H 7Q` .`QTa2Mb b2MbQ`b
6B;m`2 8Xk ;Bp2b M 2tTHQ/2/ pB2r Q7 i?2 /Bz2`2Mi +QKTQM2Mib i?i KF2b mT i?2 /2pB+2
U2t+Hm/BM; i?2 iB;?i2MBM; #QHiV- M/ 6B;m`2 8Xk# /2TB+ib i?2 BMi2M/2/ mb2 Q7 i?2 /2pB+2X
UV 1tTHQ/2/ pB2r Q7 KQ/2H U#V *HKT KQ/2H BMi2M/2/ mb2
6B;m`2 8Xk, "BQb2MbQ` +HKT BM mb2
h?2 ;QH Q7 i?2 /2pB+2 rb iQ 2M#H2  bi#H2 b2MbQ` i?`Qm;?Qmi i?2 2tT2`BK2Mi rBi? 2bv
++2bb iQ i?2 2H2+i`Q/2b r?2`2 i?2 +#H2 +QMM2+i2/ iQ BiX h?2 T?QiQ ;Bp2M #v 6B;m`2 8Xj
b?Qrb i?2 /2pB+2 #2BM; mb2/ M/ i?2 +#H2 ii+?2/ iQ i?2 #BQb2MbQ`X
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6B;m`2 8Xj, S?QiQ Q7 +HKT #2BM; i2bi2/ 7Q` 2tT2`BK2MiH mb2
8Xj 6B#`2 BMi2`7+2
 +QKKQM T`Q#H2K 7+2/ rBi? #mBH/BM;  `2T2i#H2 b2MbQ` +QM};m`iBQM Bb i?2 BMi2`@
7+2 #2ir22M i?2 2H2+i`QMB+b M/ i?2 b2MbQ` i`Mb/m+2`X  iQQH rb /2bB;M2/ iQ 2Mbm`2 
`2T2i#H2- bi#H2 +QMM2+iBQM iQ i?2 b2MbQ` rBi? i?2 /pMi;2 Q7 #2BM; KQ/mH` i i?2
bK2 iBK2X h?Bb BMi2`7+2 2M#H2/  b2KH2bb i`MbBiBQM #2ir22M i?2 /Bz2`2Mi b2MbQ`b M/
ivT2b Q7 b2MbQ`bX  *. p2`bBQM Q7 i?2 +QMM2+iBQM T`Q+2/m`2 Bb ;Bp2M BM 6B;m`2 8X9X
h?2 K2+?MBbK Bb HQ+F2/ BM iQ TH+2 #v  KQp#H2 F2vX h?Bb F2v Bb b?QrM BM Q`M;2
BM 6B;m`2 8X9X h?2 }`bi bi2T Bb T`2bb /QrM QM i?2 F2v ?M/H2- b?QrM #2ir22M 6B;m`2
8X9 M/ 6B;m`2 8X9#X h?2 KQp2K2Mi Bb i?2M b2+m`2/ #v bHB/BM; i?2 F2v #+Fr`/b BMiQ 
;`QQp2X
UV ai2T R Q7 +QMM2+iBQM U#V ai2T k Q7 +QMM2+iBQM U+V ai2T j Q7 +QMM2+iBQM
6B;m`2 8X9, a2MbQ` BMi2`7+2 +QMM2+iBQM T`Q+2/m`2
h?2 K2+?MBbK rb HbQ /2bB;M2/ iQ ?QH/ /Bz2`2Mi ivT2b Q7 iQQHb- b?QrM #v  BM 6B;m`2
8X9+X h?Bb rb iQ 2Mbm`2 i?i /Bz2`2Mi ivT2b Q7 b2MbQ`b +QmH/ #2 +QMM2+i2/ rBi?Qmi
`2/2bB;MBM; M/ KMm7+im`BM;  r?QH2 M2r K2+?MBbK- #mi BMbi2/ Dmbi /2bB;M M/
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KMm7+im`2  `2TH+2K2Mi iQQHX h?2 bvbi2K Bb 7Q`+2/ mTr`/b #v  bT`BM; QM `2H2b2X
h?2 K2+?MBbK Bb b?QrM BM Bib +QKT`2bb2/ M/ mM+QKT`2bb2/ bii2 BM 6B;m`2 8X8X
UV *QKT`2bb2/ bvbi2K U#V lM+QKT`2bb2/ bvbi2K
6B;m`2 8X8, a2MbQ` +QMM2+iBQM bvbi2K BM +QKT`2bbBQM M/ mM+QKT`2bb2/
h?2 }MH K2+?MBbK Bb b?QrM BM 6B;m`2 8Xe BM Bib mM+QKT`2bb2/ M/ +QKT`2bb2/ bii2bX
h?2 iQQH BMb2`i2/ Bb i?`22 +QMM2+iQ` bT`BM;@HQ/2/ bT`BM; T`Q#2b rBi? //BiBQMH KQp2@
K2MiX h?Bb KQp2K2Mi 2M#H2/ i?2 +QMM2+iBQM Q7 b2MbQ`b rBi? p`vBM; ?2B;?ib M/ ?2HT2/
iQ `2HB2p2 i?2 T`2bbm`2 TTHB2/ #v i?2 bT`BM; T`Q#2b QM i?2 }#`2bX h?2 bT`BM; T`Q#2b r2`2
MB+F2H M/ ;QH/ THi2/ T`Q#2b SRRRj*oj 7`QK >`rBM- 1M;HM/X
UV lM+QKT`2bb2/ bvbi2K U#V *QKT`2bb2/ bvbi2K
6B;m`2 8Xe, a2MbQ` +QMM2+iBQM bvbi2K
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8X9 a2MbQ` /2p2HQTK2Mi
h?2 .`QTa2Mb b2MbQ`b r2`2 MHvb2/ r?BH2 #2BM; mb2/ BM i?2 }`bi T?b2- M/ +2`iBM
Q#b2`piBQMb r2`2 K/2,
RX h?2 2H2+i`Q/2b `2 +Qp2`2/ rBi?  ?v/`QT?Q#B+ Ki2`BH- 2t+2Ti 7Q` i?2 `2b Q7
BMi2`2bi
kX h?2 +QMM2+iBQM iQ i?2 b2MbQ` i`+Fb `2 7` rv 7`QK i?2 b2MbQ` Bib2H7
jX h?2 +QMM2+iBQM Bib2H7 Bb 2bv iQ `2T2i
9X h?2 +2`KB+ #+FBM; T`QpB/2b 2bb2MiBH bmTTQ`i 7Q` i?2 b2MbQ` M/ Bb MQM`2+iBp2 iQ
i?2 2H2+i`QHviB+ HB[mB/
8X9XR 1H2+i`Q/2b
h?2 }`bi +?HH2M;2 rb i?2 7#`B+iBQM Q7 i?2 rQ`FBM; M/ +QmMi2` 2H2+i`Q/2bX h?2
.`QTa2Mb 2H2+i`Q/2b `2 b+`22M T`BMi2/ 2H2+i`Q/2b rBi? +`#QM MMQ}#`2b QM iQT Q7 i?2
Hv2` Q7 T`BMi2/ +`#QMX h?2 `2b2`+? ;`QmT ?/ 2tT2`B2M+2 rBi? +`#QM MMQ}#`2b 7`QK
T`2pBQmb T`QD2+ib- #mi p2`v HBiiH2 `2;`/BM; bT2+B}+ b?T2 +miiBM; Q7 i?2 }#`2bX  b?22i
Q7 +`#QM MMQ}#`2 i?i rb mb2/ BM i?2 T`2pBQmb T`QD2+ib rb mb2/ iQ 7#`B+i2 i?2
2H2+i`Q/2b 7Q` i?Bb T`QD2+iX h?2 b?22i rb  S_@RN@sh@G>h ?B;?Hv +QM/m+iBp2 +`#QM
MMQ}#`2 Ki T`Q/m+2/ #v Sv`Q;`7 ȉX
h?2 }`bi +miiBM; Q7 i?2 MMQ}#`2b `2bmHi2/ BM +?``BM;- #mi rBi? bm{+B2Mi T`+iB+2 i?2
}#`2b +QmH/ #2 +mi rBi?  bBM;H2 Tbb Q7 i?2 Hb2`X h?2 BKTQ`iM+2 Q7 T`QT2` +HB#`iBQM
Q7 i?2 Hb2` 7Q+mb rb `2HBb2/ BM i?Bb T`Q+2bbX 6B;m`2 8Xd b?Qrb i?2 bBx2 Q7 bQK2 }#`2b
i?i r2`2 +miX HH }#`2b r2`2 +mi QM  ;Hbb #+FBM; i?i #bQ`#2/ i?2 Hb2` #2K QM+2 Bi
Tbb2/ i?`Qm;? i?2 }#`2bX h?2 }#`2b r2`2 Hrvb ?M/H2/ rBi? ;HQp2b M/ +H2M ir22x2`b-
M/ 2t+2bbBp2 iQm+?BM; rb pQB/2/X
6B;m`2 8Xd, 1H2+i`Q/2b +mi 7`QK i?2 H`;2` MMQ}#`2 b?22i
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am++2bb7mH +mib `2 b?QrM BM 6B;m`2 8X3 M/ 8X3#X Ai rb 7QmM/ i?i i?2 TQr2` b2iiBM;
?/ i?2 ;`2i2bi BM~m2M+2 QM i?2 }#`2 +miiBM;- `2HiBp2 iQ i?2 bT22/ i r?B+? i?2 +mi
rb +QM/m+i2/X i  iQQ HQr TQr2` b2iiBM; i?2 MMQ}#`2b r2`2 bm++2bb7mHHv +mi- #mi i?2
KB+`Q}#`2b biv2/ BM i+i- `2M/2`BM; i?2 +mi mb2H2bbX h?Bb Bb b?QrM BM 6B;m`2 8X3+X i 
iQQ ?B;? TQr2` b2iiBM; i?2 bm``QmM/BM; }#`2b r2`2 +?``2/ M/ i?2 MMQ}#`2b r2`2 #m`Mi
7` rv 7`QK i?2 +mi #v #+F#m`M b BM 6B;m`2 8X3/X
UV ai`B;?i }#`2 +mi U#V *Q`M2` }#`2 +mi
U+V GQr TQr2` +mi U/V >B;? TQr2` +mi
6B;m`2 8X3, a+MMBM; 2H2+i`QM KB+`Qb+QT2 BK;2b Q7 i?2 +mib Q7 i?2 +`#QM MMQ}#`2b
h?2 bBHp2` 2H2+i`Q/2 rb K/2 7`QK NNXNW Tm`2 }M2 bBHp2`X h?Bb rb bmTTHB2/ #v i?2
C2r2HH2`v .2T`iK2Mi Q7 i?2 oBbmH `ib 6+mHiv Q7 i?2 lMBp2`bBiv Q7 ai2HH2M#Qb+?X h?2
bBHp2` Mm;;2i Bb b?QrM BM 6B;m`2 8XNX h?2 bBHp2` rb `QHH2/ mMiBH i?2 KBMBKmK i?B+FM2bb
rb +?B2p2/ #v i?2 `QHHBM; K+?BM2X h?Bb rb TT`QtBKi2Hv ky ƒKX h?2 `QHHBM; K+?BM2
Bb b?QrM BM 6B;m`2 8XRyX h?2 `QHH2/ Qmi bBHp2` Bb b?QrM BM 6B;m`2 8XN#X
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UV aBHp2` Mm;;2i U#V 6Hi `QHH2/ bBHp2`
6B;m`2 8XN, S`2T`Q+2bbBM; Q7 bBHp2` 2H2+i`Q/2b
6B;m`2 8XRy, J2iH `QHHBM; K+?BM2
h?2 bBHp2` rb MM2H2/ rBi?  #HQriQ`+? iQ BKT`Qp2 i?2 bm`7+2 }MBb?BM;X Ai rb +H2M2/
#v rBTBM; Bi rBi? +2iQM2 M/ `BMb2/ BM /2BQMBb2/ ri2`X Ai rb biQ`2/ BM  T2i`B /Bb?
mMiBH 7m`i?2` mb2X h?2 /2bB`2/ b?T2b r2`2 +mi rBi?  }M2 iBM b+BbbQ`X h?2 2H2+i`Q/2b r2`2
Hrvb +H2M2/ BM i?2 bK2 T`Q+2/m`2 #27Q`2 mb2X
8X9Xk a2MbQ` bb2K#Hv KMm7+im`BM;
qBi? i?2 .`QTa2Mb +?`+i2`BbiB+ T`K2i2`b BM KBM/- 7Qm` /Bz2`2Mi b2MbQ`b r2`2 /2bB;M2/
rBi? i?2 bK2 ;2QK2i`B2b #mi /Bz2`2Mi +bBM; bb2K#HB2bX h?Bb a2+iBQM /Bb+mbb2b i?2 b2M@
bQ`b BM /2iBH M/ +QM+Hm/2b rBi?  bmKK`v Q7 HH Q7 i?2 b2MbQ`bX
h?2 bT`BM; T`Q#2 Ki2`BH T`Qp2/ iQ #2 M BMi2`2biBM; 2H2K2Mi Q7 i?2 /2bB;MX lM/2`
B/2H +QM/BiBQMb i?2 T`Q#2b rQmH/ MQi `2+i BM Mv rv rBi? i?2 +?Qb2M 2H2+i`QHviB+ HB[mB/X
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h?Bb b?QmH/ #2 bQ #2+mb2 i?2 `2/Qt `2+iBQM rQmH/ i?2M #2 Tm`2Hv `2+Q`/2/ 7Q` i?2 BM@
i2`+iBQM #2ir22M i?2 HB[mB/ M/ i?2 +`#QM MMQ}#`2bX h?2 }#`2b r2`2 ?v/`QT?BHB+- i?mb
rBi?Qmi T`QT2` T`2+miBQM i?2 2H2+i`QHviB+ HB[mB/ b22T2/ iQ i?2 +QMi+i #2ir22M i?2 }#`2b
M/ i?2 bT`BM; T`Q#2bX AMBiBHHv Bi rb i?Qm;?i i?i i?2 bT`BM; T`Q#2b KB;?i #2 +Qi2/
rBi? bBHp2` iQ pQB/ 2H2+i`Q+?2KB+H BMi2`+iBQMb- #mi i?Bb rb MQi 2MQm;? iQ T`2p2Mi /@
/BiBQMH T2F 7Q`KiBQMb BM i?2 pQHiKK2i`B+ 2tT2`BK2MibX h?2 }MH bi`i2;v 2KTHQv2/
rb iQ b2H i?2 b2MbQ` i`;2i `2 7`QK i?2 bT`BM; T`Q#2 +QMi+i TQBMibX
a2MbQ` R
 H#2HH2/ pB2r Q7 i?2 +QKTQM2Mib Q7 i?2 }`bi b2MbQ` Bb ;Bp2M BM 6B;m`2 8XRRX
6B;m`2 8XRR, 6B`bi b2MbQ` H#2HH2/ pB2r
h?2 +T- +HKTb- M/ #+FBM; rb K/2 7`QK QT[m2 S2`bT2t M/ i?2 ;bF2i rb +mi
7`QK  `m##2` bHB+F `Q/ #B+v+H2 BMM2` im#2X HH Q7 i?2 Ki2`BHb- 2t+2Ti 7Q` i?2 bBHp2`-
r2`2 KMm7+im`2/ #v i?2 mb2 Q7 i?2 Hb2` +mii2`X h?2 bb2K#Hv Bb b?QrM BM 6B;m`2 8XRkX
6B;m`2 8XRk, *QKTQM2Mib Q7 }`bi b2MbQ`
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h?2 Tm`TQb2 Q7 i?2 ;bF2i rb iQ F22T i?2 2H2+i`QHviB+ HB[mB/ 7`QK ~QrBM; iQ i?2 bT`BM;
T`Q#2b Q7 i?2 b2MbQ` 2H2+i`B+H BMi2`7+2X h?2 ;`QQp2b BM i?2 #+FBM; T`QpB/2/ +QKT`2b@
bBQM `2HB27 7Q` i?2 }#`2b i?i ?/ iQ Tbb mM/2` i?2 ;bF2i iQ i?2 bT`BM; T`Q#2bX h?2
+HKTb T`Qp2/ iQ #2 M 2z2+iBp2 K2+?MBbK iQ HQ+F i?2 bvbi2K BM TH+2X Ai TTHB2/ Dmbi
2MQm;? T`2bbm`2 iQ F22T i?2 HB[mB/ BMbB/2 i?2 /2bB`2/ `2- M/ i i?2 bK2 iBK2 MQi
+`mb? i?2 MMQ}#`2bX h?2 T`2bbm`2 rb  7mM+iBQM Q7 i?2 +HKT bBx2 M/ i?2 /2Ti? Q7
i?2 ;bF2i ;`QQp2X h?2 Hb2` +miiBM; T`QpB/2/  }M2 2MQm;? `2bQHmiBQM iQ KBMiBM 
b2T`iBQM #2ir22M i?2 i?`22 /Bz2`2Mi ?QH2b 7Q` i?2 bT`BM; T`Q#2bX a?QmH/ i?2 +QMM2+iBQM
K2+?MBbK ?p2 #2+QK2 KBbHB;M2/- i?2 S2`bT2t F2Ti i?2 bT`BM; T`Q#2b T`iX h?2 }MH
KMm7+im`2/ /2pB+2 Bb b?QrM BM 6B;m`2 8XRjX
UV .Bbbb2K#H2/ b2MbQ` U#V bb2K#H2/ b2MbQ`
6B;m`2 8XRj, 6B`bi KMm7+im`2/ b2MbQ`
h?2 b2MbQ` KMm7+im`BM; M/ bb2K#Hv T`Q+2/m`2 rb b 7QHHQrb,
ai2T R, Gb2`+mi S2`bT2t +bBM;
ai2T k, Gb2`+mi }#`2 2H2+i`Q/2b
ai2T j, *mi bBHp2` 2H2+i`Q/2 rBi? iBM b+BbbQ`
ai2T 9, SH+2 M/ HB;M i?2 2H2+i`Q/2b QM #+FbB/2
ai2T 8, SH+2 M/ HB;M ;bF2i QM iQT +QKTQM2Mi
ai2T e, *`27mHHv TH+2 M/ +QKT`2bb iQT +QKTQM2Mi QM #+FbB/2
ai2T d, aHB/2 QM +HKTBM; +QKTQM2Mib iQ KBMiBM +QKT`2bbBQM
ai2T 3, SH+2 b2MbQ` BM BMi2`7+BM; K2+?MBbK 7Q` i2biBM;
a2MbQ` k
h?2 b2+QM/ b2MbQ` +QKTQM2Mib `2 ;Bp2M BM 6B;m`2 8XR9X h?Bb b2MbQ` rb K/2 BM /Bz2`2Mi
Hv2`b Q7 .* 6Bt M/ /Qm#H2 bB/2/ iT2- KQmMi2/ QM  bi2`BH2 ;Hbb bHB/2X h?2 biiBQM`v
Ki2`BHb r2`2 HH Tm`+?b2/ 7`QK lMB@aii- ai2HH2M#Qb+?X
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6B;m`2 8XR9, a2+QM/ b2MbQ` bb2K#Hv pB2r
h?2 Hv2`2/ bb2K#Hv Bb ;Bp2M BM 6B;m`2 8XR8X h?2 }`bi Hv2` rb K/2 Q7 TT2`- mb2/
QMHv iQ H#2H i?2 b2MbQ` M/ ?/ MQ BM~m2M+2 QM i?2 rQ`FBM; Q7 i?2 b2MbQ`X h?2 b2+QM/
Hv2` rb /Qm#H2 bB/2/ iT2X h?Bb rb mb2/ iQ i2KTQ``BHv b2+m`2 i?2 }#`2b r?BH2 i?2
b2MbQ` rb bb2K#H2/ M/ ?2HT T`2p2Mi ~mB/ +`22T iQ i?2 bT`BM; T`Q#2bX h?2 M2ti Hv2`
rb .* 6BtX h?Bb Hv2` +QKT2Mbi2/ 7Q` i?2 i?B+FM2bb Q7 i?2 2H2+i`Q/2b #27Q`2 i?2 iQT
b2HBM; Hv2` rb TH+2/X h?2 BMBiBH b2MbQ`b r2`2 /2bB;M2/ rBi?Qmi i?Bb Hv2`- #mi Bi rb
7QmM/ i?i i?2 2H2+i`QHviB+ HB[mB/ 2bBHv b22T2/ iQ i?2 bT`BM; T`Q#2bX h?Bb Bb b?QrM #v i?2
v2HHQr HB[mB/ BM i?2 b2+iBQM pB2r Q7 6B;m`2 8XR8#X u2HHQr rb mb2/ #2+mb2 i?2 2H2+i`QHviB+
HB[mB/ mb2/ ?/  v2HHQr +QHQm` /m2 iQ i?2 /BbbQHp2/ 2H2+i`QHviB+ HB[mB/X
UV a2MbQ` k Hv2`BM; b+?2KiB+ U#V a2MbQ` k rBi?Qmi Hv2` j
6B;m`2 8XR8, a2+QM/ b2MbQ` Hv2`BM; T`Q+2/m`2
h?2 Tm`TQb2 Q7 Hv2` e- i?2 +B`+mH` Hv2`- rb iQ +i b  #``B2` iQ F22T i?2 2H2+i`QHviB+
HB[mB/ 7`QK bi`vBM; rv 7`QK i?2 2H2+i`Q/2 +QMi+i `2bX h?2 bm`7+2 i2MbBQM Q7 i?2
HB[mB/ rb- BM //BiBQM iQ i?Bb Hv2`- 2MQm;? iQ 7mH}H i?Bb `2[mB`2K2MiX h?2 T`Q+2bb Q7
bb2K#Hv 7Q` i?2b2 b2MbQ`b Bb b?QrM BM 6B;m`2 8XRe r?2`2 i?`22 Q7 i?2 b2MbQ`b r2`2 7#`B@
+i2/ QM  bBM;H2 ;Hbb bHB/2X 6B;m`2 8XRe b?Qrb i?2 }`bi TT2` Hv2` QM i?2 ;Hbb bHB/2X
h?2 Hv2` rb HbQ mb2/ iQ HQ+i2 i?2 bm#b2[m2Mi Hv2`b 7Q`  ?B;?2` `2T2iBiBp2 T`Q+2bbX AM
6B;m`2 8XRe# b2MbQ` 1R b?Qrb Hv2` k rBi? i?2 /Qm#H2 bB/2/ iT2 mM2tTQb2/X 1k b?Qrb
i?2 2tTQb2/ /Qm#H2 bB/2/ iT2- r?BH2 1j ?b Hv2` j TH+2/ QM Hv2` kX 6B;m`2 8XRe+ b?Qrb
i?2 i?`22 +QKTH2i2/ b2MbQ`b- rBi? HH Q7 i?2 bm#b2[m2Mi Hv2`b BM TH+2X
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UV ST2` Hv2` QM ;Hbb bHB/2 U#V Gv2`b k M/ 8
U+V *QKTH2i2/ b2MbQ`b
6B;m`2 8XRe, a2MbQ` k bb2K#Hv T`Q+2/m`2
h?2 b2MbQ` KMm7+im`BM; M/ bb2K#Hv T`Q+2/m`2 rb b 7QHHQrb,
ai2T R, TTHv  b?22i Q7 .* }t M/ /Qm#H2 bB/2/ iT2 iQ  ;Hbb bm#bi`i2
ai2T k, Gb2`+mi i?2 /Bz2`2Mi +QKTQM2Mib
ai2T j, Gb2`+mi }#`2 2H2+i`Q/2b
ai2T 9, *mi bBHp2` 2H2+i`Q/2 rBi? iBM b+BbbQ`
ai2T 8, SH+2 M/ HB;M Hv2`b R-k- M/ j QM ;Hbb #+FBM;
ai2T e, SH+2 M/ HB;M i?2 2H2+i`Q/2b
ai2T d, SH+2 M/ HB;M Hv2`b 8 M/ e
ai2T 3, SH+2 b2MbQ` BM BMi2`7+BM; K2+?MBbK 7Q` i2biBM;
a2MbQ` j
h?2 M2ti b2MbQ`- b2MbQ` j- rb 7#`B+i2/ BM  KQ`2 bBKTHBbiB+ 7b?BQMX aiM/`/ +2`KB+
bHB/2b mb2/ BM i?2 H# 7Q` KB+`Q7#`B+iBQM r2`2 mb2/ b  #+FBM; Ki2`BHX h?2 bHB/2b
r2`2 rBT2/ rBi? +2iQM2 M/ i?2M `BMb2/ i?`22 iBK2b BM /2BQMBb2/ ri2` #27Q`2 #2BM; H27i
iQ /`v QM TT2` iQr2HbX h?2 2H2+i`Q/2b r2`2 TH+2/ QM i?2 +H2M +2`KB+ #+FBM; M/ i?2
2H2+i`Q/2 +QMi+i `2b r2`2 +Qp2`2/ rBi? MQi?2` +2`KB+ bHB/2X h?2 +B`+mH` i`Mb/m+BM;
`2 rb +Qp2`2/ rBi?  bKHH S2`bT2t #miiQM #v K2`2Hv TH+BM; Bi QM i?2 BMi2M/2/ `2X
h?2 2tTQb2/ b2MbQ`b M/ #+FBM; r2`2 i?2M +Qi2/ rBi?  irQ bi2T ?v/`QT?Q#B+ bT`v-
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MQ`KHHv mb2/ iQ b2H b?Q2b 7`QK Km/ M/ ri2`X h?2 bT`v Bb L2p2`q2i GB[mB/ _2T2HHBM;
h`2iK2Mi T`Q/m+2/ #v _mbi@PH2mK- b?QrM BM 6B;m`2 8XRdX
6B;m`2 8XRd, L2p2`q2i #v _mbi@PH2mKX (de)
h?2 +QiBM; ?TT2M2/ BM irQ bi2TbX h?2 }`bi +QiBM; rb bT`v2/ QM M/ H27i iQ /`v
7Q` jy KBMmi2bX h?2 b2+QM/ +QiBM; rb bT`v2/ QM M/ Bi rb HbQ H27i 7Q` jy KBMmi2b
iQ /`vX h?2 +QiBM; +QM};m`iBQM M/ TQbi@bT`v2/ b2MbQ` Bb b?QrM BM 6B;m`2 8XR3X h?2
Hv2` T`Qp2/ iQ #2  bm{+B2Mi #QM/BM; ;2Mi iQ F22T i?2 2H2+i`Q/2b 7`QK KQpBM; Q` HB7iBM;
r?2M BM mb2X AM 2z2+i- i?Bb b2MbQ` rb i?2 +HQb2bi `2THB+iBQM Q7 i?2 .`QTa2Mb b2MbQ`bX
UV *QiBM; +QM};m`iBQM U#V *Qi2/ b2MbQ`
6B;m`2 8XR3, >v/`QT?Q#B+ +QiBM; Q7 b2MbQ`
h?2 b2MbQ` KMm7+im`BM; M/ bb2K#Hv T`Q+2/m`2,
ai2T R, Gb2`+mi }#`2 2H2+i`Q/2b
ai2T k, *mi bBHp2` 2H2+i`Q/2 rBi? iBM b+BbbQ`
ai2T j, SH+2 M/ HB;M 2H2+i`Q/2b
ai2T 9, SH+2 M/ HB;M i?2 +Qp2`BM; Hv2`b
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ai2T 8, aT`v Hv2` R Q7 i?2 ?v/`QT?Q#B+ Hv2`
ai2T e, aT`v Hv2` k Q7 i?2 ?v/`QT?Q#B+ Hv2`
ai2T d, _2KQp2 +Qp2`BM; Hv2`b
ai2T 3, SH+2 b2MbQ` BM BMi2`7+BM; K2+?MBbK 7Q` i2biBM;
a2MbQ` 9
h?2 }MH b2MbQ` rb K/2 iQ rQ`F QM i?2 bK2 T`BM+BTH2 b i?2 }`bi b2MbQ`- #mi rBi? 
/Bz2`2Mi T?vbB+H /2bB;MX h?2 b2MbQ` *. /2bB;M Bb b?QrM BM 6B;m`2 8XRNX h?2 }#`2b r2`2
2ti2M/2/ iQ #2 HQM;2` M/ i?2 +HKTBM; K2+?MBbK rb K/2 iQ #2 KQ`2 p2`biBH2X h?2
Qp2`HH b?T2 rb +?M;2/- M/ i?2 BMbB/2 Q7 i?2 +bBM; rb +Qi2/ rBi? i?2 ?v/`QT?Q#B+
bT`vX
6B;m`2 8XRN, a2MbQ` 9 *. /2bB;M
h?2 b2MbQ` +QKTQM2Mib `2 b?QrM BM 6B;m`2 8XkyX h?2 Ki2`BHb M/ KMm7+im`BM;
K2i?Q/b Q7 i?Bb b2MbQ` rb i?2 bK2 b i?i Q7 i?2 }`bi b2MbQ`X h?2 T`2bbm`2 `2HB27
+?MM2Hb r2`2 KQ/B}2/ iQ }i i?2 2H2+i`Q/2b b?T2bX h?Bb ?2HT2/ rBi? i?2 HB;MK2Mi Q7
i?2 2H2+i`Q/2b iQ 2Mbm`2 KQ`2 `2T2i#H2 `2bmHibX
6B;m`2 8Xky, a2MbQ` 9 +QKTQM2Mib
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h?2 +Qi2/ `2b Q7 i?2 +T M/ #+FbB/2 Bb b?QrM BM Q`M;2 BM 6B;m`2 8XkRX h?2 bK2
T`Q+2/m`2 rb 7QHHQr2/ b rb r?2M +QiBM; i?2 i?B`/ b2MbQ` +bBM;- 2t+2Ti i?2 +QMM2+iBQM
TQBMib r2`2 MQi +Qp2`2/X h?Bb rb MQi M2+2bb`v #2+mb2 i?2 }#`2b r2`2 TH+2/ BM i?2
b2MbQ` +bBM; 7i2` i?2 +QiBM; iQQF TH+2X h?2 +H2` b2MbQ` +bBM; Bb b?QrM BM 6B;m`2 8XkR
M/ i?2 +Qi2/ b2MbQ` +bBM; BM 6B;m`2 8Xkk
UV `2b +Qi2/ #v ?v/`QT?Q#B+ Hv2` U#V *H2M b2MbQ` +bBM;
6B;m`2 8XkR, >v/`QT?Q#B+ +QiBM; Q7 b2MbQ`
UV *Qi2/ b2MbQ` +bBM;
6B;m`2 8Xkk, >v/`QT?Q#B+ +QiBM; Q7 b2MbQ`
h?2 Tm`TQb2 Q7 i?2 ?v/`QT?Q#B+ bT`v rb iQ 2Mbm`2 i?i i?2 bT`BM; T`Q#2b r2`2 T`Qi2+i2/
7`QK i?2 2H2+i`Q+?2KB+H `2+iBQMX h?2 iQT M/ #QiiQK +Qib Q7 i?2 bT`v rb BMi2M/2/
iQ 2Mbm`2 i?Bb +?`+i2`BbiB+ r?2M mbBM; i?2 b2MbQ`X h?2 bb2K#Hv M/ KMm7+im`BM; Q7
i?2 b2MbQ` rb b 7QHHQrb,
ai2T R, Gb2`+mi S2`bT2t +bBM;
ai2T k, Gb2`+mi }#`2 2H2+i`Q/2b
ai2T j, *mi bBHp2` 2H2+i`Q/2 rBi? iBM b+BbbQ`
ai2T 9, *Qi iQT M/ #+FbB/2 rBi? ?v/`QT?Q#B+ bT`v
ai2T 8, SH+2 M/ HB;M i?2 2H2+i`Q/2b QM #+FbB/2
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ai2T e, SH+2 M/ HB;M ;bF2i QM iQT +QKTQM2Mi
ai2T d, *`27mHHv TH+2 M/ +QKT`2bb iQT +QKTQM2Mi QM #+FbB/2
ai2T 3, aHB/2 QM +HKTBM; +QKTQM2Mib iQ KBMiBM +QKT`2bbBQM
ai2T N, SH+2 b2MbQ` BM BMi2`7+BM; K2+?MBbK 7Q` i2biBM;
amKK`v
"27Q`2 2H2+i`Q+?2KB+H i2biBM;- i?2 7Qm` /Bz2`2Mi b2MbQ`b r2`2 +`BiB+HHv 2pHmi2/ iQ /2@
i2`KBM2 i?2 ?`/r`2 /2bB;M /pMi;2b M/ /Bb/pMi;2bX h?Bb rb iQ /2i2`KBM2 M
mM#Bb2/ pHB/iBQM Q7 i?2 bb2K#Hv M/ KMm7+im`BM; T`Q+2/m`2X h?2 +i2;Q`B2b Q7
bb2bbK2Mi r2`2 b 7QHHQrb, 2b2 Q7 bb2K#Hv- KMm7+im`BM; M/ bb2K#Hv bi2Tb- bb2K@
#Hv iBK2- Ki2`BH ii`+iBp2M2bb- ivT2b Q7 Ki2`BHb mb2/- b2MbQ` `2THB+iBQM- M/ +bBM;
`2mb#HBHBivX
a2MbQ` R rb bb2K#H2/ rBi? HBiiH2 /B{+mHivX h?2 HB;MK2Mi Q7 i?2 }#`2b r2`2 MQi p2`v
`2T2i#H2 #2+mb2 i?2`2 rb MQ BM/B+iBQM Q7 r?2`2 i?2 }#`2b r2`2 iQ #2 TH+2/X h?2
iBK2 Bi iQQF iQ +QKTH2i2Hv KMm7+im`2 M/ bb2K#H2 QM2 b2MbQ` iQQF TT`QtBKi2Hv R8
KBMmi2bX hrQ /Bz2`2Mi Ki2`BHb r2`2 mb2/ 7Q` i?2 +bBM;, S2`bT2t M/ `m##2`X h?2b2
Ki2`BHb r2`2 2bv iQ +QK2 #v M/ MQi /B{+mHi iQ KMm7+im`2X h?2 KMm7+im`BM; M/
bb2K#Hv Q7 i?2 b2MbQ` r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i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#H2- r?2`2 QMHv i?2
+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MQ}#`2b r2`2 iQ #2 `2TH+2/ #2ir22M i2bibX
h?2 }#`2 TH+2K2Mi 7Q` a2MbQ` k rb /QM2 rBi? 2b2- bBM+2 i?2 .* }t T`QpB/2/  Tii2`M
bBKBH` iQ i?2 }#`2bX h?2 }#`2b i2M/2/ iQ bTQMiM2QmbHv /?2`2 iQ i?2 /Bz2`2Mi bm`7+2b
pBH#H2- i?mb Bi rb /B{+mHi iQ ;2i i?2 }#`2b BM HB;MK2Mi rBi? i?2 Tii2`MX Ai iQQF
TT`QtBKi2Hv Ny KBMmi2b iQ 7#`B+i2 M/ bb2K#H2  bBM;H2 b2MbQ`X h?Bb rb /m2 iQ i?2
T`2+Bb2 HB;MK2Mi `2[mB`2/ 7Q` i?2 /Bz2`2Mi Hv2`b M/ +`2 i?i ?/ iQ #2 iF2M iQ F22T
i?2 Hv2`b 7`QK biB+FBM; M/ +QMiKBMiBM; i?2 +2Mi`H bm`7+2bX
h?2 Ki2`BHb mb2/ 7Q` i?2 +bBM;, TT2`- ;Hbb- .* }t- M/ /Qm#H2 bB/2/ iT2X h?2
Ki2`BHb r2`2 T`Q+m`2/ 7`QK  HQ+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b 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H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b 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i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i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BM2/X h?2 iQTB+ Q7 /i pHB/Biv M/ `2HB#BHBiv Bb BMi`Q@
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M/ i?2 ;QH Q7 i?2 +?Ti2` Bb `2pB2r2/ #27Q`2 T`Q+22/BM; iQ i?2 2tT2`BK2MiH
`2bmHib Q7 i?2 KMm7+im`2/ b2MbQ`X h?2 +QKT`BbQM Q7 i?2 `2bmHib Q7 i?2 /Bz2`2Mi
b2MbQ`b `2 +QM/m+i2/ BM *?Ti2` 3X
eXR "`B27 Qp2`pB2r
h?2 2tT2`BK2MiH T`Q+2/m`2b r2`2 +QM/m+i2/ BM  bi2T@#v@bi2T 7b?BQM- r?2`2 i?2 `2bmHib
Q7 i?2 2tT2`BK2Mib T`QpB/2/ i?2 #bBb 7Q` i?2 M2tiX h?2 }`bi 2tT2`BK2Mib MHvb2/ i?2
mMKQ/B}2/ b2MbQ`b BM i?2 8 KJ TQibbBmK 72``B+vMB/2 2H2+i`QHviB+ HB[mB/X h?Bb BM+Hm/2/
 +v+HB+ pQHiKK2i`v `2bTQMb2 M/  b[m`2 rp2 pQHiKK2i`v `2bTQMb2X 6QHHQrBM; i?Bb-
2H2+i`Q/2b r2`2 2H2+i`Q;`7i2/ M/ i?2 `2bmHib r2`2 MHvb2/ rBi? b[m`2 rp2 pQHi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i`vX
h?2 2H2+i`Q;`7i2/ +`#QtvH ;`QmTb r2`2 +iBpi2/ rBi? i?2 1.*fL>a T`QiQ+QH 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72`2Mi +QM+2Mi`iBQMb Q7 i?2 +Tim`2 MiB#Q/v r2`2 BKKQ#BHBb2/ iQ i2bi 7Q` i?2 b2MbQ`
bm`7+2 +Qp2`;2 bim`iBQMX h?Bb rb pHB/i2/ rBi? b[m`2 rp2 pQHiKK2i`vX
6m`i?2` i2bib r2`2 /QM2 #v BM+m#iBM; /Bz2`2Mi +QM+2Mi`iBQMb Q7 BMi2`72`QM ;KK- i?2
b2+QM/`v MiB#Q/v M/ i?2 >_S H#2H QM b2MbQ`b rBi? BKKQ#BHBb2/ +Tim`2 MiB#Q/B2bX
h?2 BMi2`72`QM ;KK M/ H#2HH2/ b2MbQ`b r2`2 MHvb2/ rBi? aqo iQ /2i2`KBM2 B7 
+?M;2 BM +QM+2Mi`iBQM +QmH/ #2 /2i2+i2/X h?2 FMQrH2/;2 ;BM2/ BM i?Bb a2+iBQM rb
miBHBb2/ iQ KF2 #2ii2` bbmKTiBQMb M/ /DmbiK2Mib rBi? i?2 KMm7+im`2/ b2MbQ`b iQ
BKT`Qp2 `2HB#BHBiv M/ `2T2i#BHBivX
eXk .`QTa2Mb 2tT2`BK2MiH `2bmHib
h?Bb b2+iBQM T`2b2Mib bKTH2b Q7 i?2 mM}Hi2`2/ /i ;i?2`2/ 7`QK i?2 .`QTa2Mb b2MbQ`b
BM p`BQmb bi;2b Q7 QT2`iBQMX b  MQi2 `2;`/BM; i?2 b[m`2 rp2 pQHiKK2i`v `2bmHib-
i?2 bi`iBM; +m``2Mi rb M2;H2+i2/ 7`QK i?2 ;Bp2M ;`T?bX M 2tKTH2 rBi? i?2 bi`iBM;
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i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M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im`2 BM S"a mMiBH i?2 2M/ Q7 i?2 T`QD2+iX HH 2tT2`BK2Mib
i?i pHB/i2/ i?2 M2ti bi2T Q7 i?2 BKKQ#BHBbiBQM Q` /2i2+iBQM r2`2 +QM/m+i2/ 7`QK +H2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+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H i2biBM; /QM2 mTQM `2+2BpBM; i?2 .`QTa2Mb b2MbQ`b r2`2 iQ pHB/i2 i?2 b2MbQ`
2H2+i`Q+?2KB+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iBp2 iQ i?`22
pQHiKK2i`v br22Tb 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r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Q7 i?2 MiB#Q/v BKKQ#BHBb2/X h?Bb Bb MQi i`m2- #2+mb2 B7 MQi?2` b2i Q7 aqo /i r2`2
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i b2i
Q7 irQ /Bz2`2Mi +QM+2Mi`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i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M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h?2 MQ`KHBb2/ `2bTQMb2 Q7 i?2 /Bz2`2Mi i2bib T2` +QM+2Mi`iBQM Bb ;Bp2M BM 6B;m`2 eXNX Ai
+M #2 Q#b2`p2/ i?i i?2 `2/Qt TQi2MiBH Q7 i?2 ;`T?b MQi QMHv /Bz2` 7`QK i?2 mMKQ/B}2/
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p2 TQi2MiB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b2X AM i?Bb bim/v i?2 BM~m2M+2 Q7 i?2 ?H7 r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?/ MQ FMQrM 2z2+i QM i?2 `2bmHib #2+mb2 i?2 +QKT`BbQM #2ir22M i?2 i2bib r2`2 /QM2
Tm`2Hv i?`Qm;? i?2 T2F +m``2Mi Q7 i?2 aqo 2tT2`BK2MibX h?Bb Bb HbQ #2+mb2 i?2 bK2
2H2+i`QHviB+ HB[mB/ rb mb2/ 7Q` HH Q7 i?2 aqo 2tT2`BK2MibX h?2 BM/B+iBQM i?i i?2 T2F
+m``2Mi Bb BM/2T2M/2Mi Q7 i?2 ?H7 rp2 TQi2MiBH rb HbQ b?QrM #v jXeX h?2 MQ`KHBbBM;
H;Q`Bi?K rb MHvb2/ 7Q` Bib 2z2+i QM i?2 HQ+iBQM Q7 i?2 ?H7 rp2 TQi2MiBH- #mi Bi
BM/B+i2/ MQ 2z2+i- M/ Qmi Q7 T`BM+BTH2 Bi b?QmH/ MQi ?p2 M BM~m2M+2 i?2 TQi2MiBHX
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y = −1.3872− 2.175 log(x)X
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#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` `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mb2 Bi rQmH/ BM+`2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p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HHv- i?2 +QM+2Mi`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r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i i?Bb +QM+2Mi`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Mi 7Q` HH Q7 i?2 bm++2bbBp2 i2bibX
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i2/ iQ
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#2H i?2 b2MbQ` ?/  rQ`FBM;
`M;2 iQ /2i2+i BMi2`72`QM ;KKX h?Bb `M;2 rb i  +QM+2Mi`iBQM Q7 Ry M;fKH iQ
Ryy T;fKHX h?2 i`2M/ Q7 i?2 HBM2 }ib i?2 2tTHMiBQM r?2`2 i?2 +m``2Mi BM+`2b2b b i?2
+QM+2Mi`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b2bX h?Bb Bb /m2 iQ i?2 M2;iBp2 2H2+i`QHviB+ HB[mB/ #2BM;
ii`+i2/ iQ i?2 bm`7+2 #2+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HbQ ++QmMi
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`;2 QM i?2 bm`7+2X
eXkX8 >Q`b2`/Bb? T2`QtB/b2
h?2 }MH 2tT2`BK2Mib r2`2 +QM/m+i2/ #v H#2HHBM; i?2 +Tim`2/ BMi2`72`QM ;KK rBi?
i?2 KQMQ+HQMH #BQiBMvHi2/ MiB#Q/v M/ >_SX h?Bb rb /QM2 iQ i2bi B7  H#2H rQmH/
?p2 M 2z2+i QM i?2 T2F `2bTQMb2 Q7 i?2 aqo ;`T?b M/ ?QT27mHHv BM+`2b2 i?2 b2MbQ`
rQ`FBM; `M;2X 6B;m`2 eXR8 ;Bp2b i?2 MQ`KHBb2/ /i 7`QK  b2i Q7 b2MbQ`b r?2`2 i?2
+QM+2Mi`iBQMb `M;2/ 7`QK Ryy M;fKH iQ Ry T;fKH M/ M 2H2+i`QHviB+ HB[mB/ Q7 8 KJ
TQibbBmK 72``B+vMB/2X
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S2F p2`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6B;m`2 eXRe, .`QTa2Mb >_S H#2HH2/ T`Qi2BM aqo T2Fb
Ai rb /2+B/2/ i?i i?Bb `2bTQMb2 ?/ iQ #2 //`2bb2/ #v +QM/m+iBM;  M2;iBp2 +QMi`QH
i2bi iQ MHvb2 i?2 2z2+i >_S rQmH/ ?p2 B7 i?2 H#2HH2/ +Tim`2 MiB#Q/v +QmH/ MQi #BM/
iQ i?2 i`;2i T`Qi2BMX hQ BHHmbi`i2 i?Bb- B7 i?2 `2bTQMb2 rb /m2 iQ M mMFMQrM +iBpBiv
Q7 >_S /?2`BM; iQ i?2 }#`2b- 7Q` 2tKTH2 #2BM; /bQ`#2/ /m2 iQ mM;`7i2/ `2b- i?Bb
`2bTQMb2 KB;?i #2 `2T2i2/ BM i?2 #b2M+2 Q7 i?2 T`Qi2BMX h?2 .`QTa2Mb b2MbQ` biQ+Fb
r2`2 mM7Q`imMi2Hv /2TH2i2/ #v i?2 iBK2 i?2 MHvbBb rb K/2- #mi i?Bb rb pHB/i2/
rBi? i?2 KMm7+im`2/ b2MbQ`bX h?2 +QKTH2i2 /2b+`BTiBQM Bb ;Bp2M BM a2+iBQM dX9X8X h?2
+QM+HmbBQM rb b ?QT2/ 7Q`- i?2 >_S ?/ MQ 2z2+i QM i?2 `2bTQMb2 B7 MQi #QmM/ iQ i?2
Stellenbosch University  https://scholar.sun.ac.za
*>Sh1_ eX *PJJ1_*AG a1LaP_ 6AL.AL:a d3
T`Qi2BMX h?Bb K2Mi i?i i?2 `2bTQMb2 +QmH/ QMHv #2 #2+mb2 Q7 i?2 >_S M/ i?i Bi
+QmH/ #2 2tT2+i2/ iQ #2 `2T2i2/X h?2 `2T2iBiBQM Q7 i?Bb `2bmHi rb Q#b2`p2/ r?2M i?2
2z2+i Q7 >2P2 QM i?2 T2F +m``2Mib rb i2bi2/- /Bb+mbb2/ BM a2+iBQM eXkXeX
h?2 TT`QtBKi2 HBM2` `2;BQM Q7 R M;fKH iQ Ry T;fKH rb mb2/ iQ KQ/2H  HBM2` `2@
;`2bbBQM HBM2X h?2 +HB#`iBQM +m`p2 7Q` i?2 T2F pHm2b Bb ;Bp2M BM 6B;m`2 eXRd rBi?
y = −17.9994 − 3.2787 log(x)X h?2 _@b[m`2/ pHm2 rb 7QmM/ iQ #2 yXN83 rBi?  `QQi
K2M b[m`2/ 2``Q` Q7 yXej3 ƒX
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6B;m`2 eXRd, .`QTa2Mb >_S H#2HH2/ T`Qi2BM +HB#`iBQM +m`p2
Ai +M #2 Q#b2`p2/ i?i i?2 i`2M/ Q7 i?2 HBM2 Bb BM i?2 QTTQbBi2 /B`2+iBQM Q7 i?2 mMH#2HH2/
`2bTQMb2 ;Bp2M BM 6B;m`2 eXRdX h?2 +QM+HmbBQM ?2`2 rb i?i BMbi2/ Q7 ii`+iBM; i?2
+?`;2/ 2H2+i`QHvi2 iQ i?2 bm`7+2 Q7 i?2 2H2+i`Q/2b- i?2 >_S 2Bi?2` `2T2Hb Q` BMi2`+ib rBi?
i?2 2H2+i`QHvi2X h?2 Hii2` Bb H2bb T`Q##H2- #2+mb2  K2/BiQ` bm+? b >2P2 Bb `2[mB`2/
iQ bTQMiM2QmbHv `2+i rBi? i?2 >_S bQ i?i Bi BM im`M +M #2 `2/m+2/ iQ BMi2`+i rBi?
72``B+vMB/2X
eXkXe >Q`b2`/Bb? T2`QtB/b2 rBi? >2P2
h?2 2tT2`BK2Mib r2`2 `2T2i2/ 2t+iHv i?2 bK2 b #27Q`2- #mi rBi? i?2 }MH i2bi-
8 KJ >2P2 rb //2/ iQ i?2 2H2+iQ`HviB+ HB[mB/ #27Q`2 `2+Q`/BM; i?2 aqo `2bTQMb2X
h?2 MQ`KHBb2/ pQHiKKQ;`Kb `2 ;Bp2M BM 6B;m`2 eXR3X
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S2F p2`;2
6B;m`2 eXRN, .`QTa2Mb >_S H#2HH2/ T`Qi2BM rBi? >2P2 aqo T2F +m``2Mi
h?2 HBM2` `2;BQM 7Q` i?2 b2MbQ` rb R M;fKH iQ Ry T;fKHX h?2 `2;`2bbBQM HBM2 +H+mHi2/
7Q` i?Bb `2;BQM rb y = −17.1365− 3.0673 log(x) rBi? M _@b[m`2/ pHm2 Q7 yXNdd M/ 
`QQi K2M b[m`2/ 2``Q` Q7 yX9R9 ƒX
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_M;2
S2F p2`;2
6B;m`2 eXky, .`QTa2Mb >_S H#2HH2/ T`Qi2BM rBi? >2P2 aqo +HB#`iBQM +m`p2
h?2 2tTHMiBQM 7Q` i?2 i`2M/ Q7 i?2 `2;`2bbBQM HBM2 Bb bBKBH` iQ i?2 T`2pBQmb 2tT2`BK2Mi
rBi?Qmi >2P2X qBi? HH i?2 /i T`2b2Mi2/ i?i rb ;i?2`2/ 7Q` i?2 .`QTa2Mb b2MbQ`b-
i?2  /2iBH2/ MHvbBb Q7 i?2 +QKT`BbQM Q7 i?2 /Bz2`2Mi +QKTQM2Mib +M #2 K/2X
eXj .2b+`BTiBp2 MHvbBb
h?Bb b2+iBQM /Q2b  }MH 2pHmiBQM Q7 i?2 `2bmHib M/ +QKT`2b i?2 `2H2pMi K2i?Q/bX
eXjXR 1z2+i Q7 >2P2
h?2 BMi2M/2/ 2z2+i Q7 i?2 >2P2 BM i?2 2H2+i`QHviB+ HB[mB/ rb iQ +i b M KTHB}2`- T`Q@
pB/BM; M //BiBQMH 2H2+i`QM i?i KB;?i #2 i`Mb72``2/ iQ i?2 rQ`FBM; 2H2+i`Q/2 rBi?Qmi
i?2 M2+2bbBiv Q7 i?2 ~Qr 7`QK i?2 +QmMi2` 2H2+i`Q/2X h?2 T2F `2bTQMb2 7Q` i?2 MQ`KH
M/ i?2 >2P2 `2 ;Bp2M BM 6B;m`2 eXkRX
h?2 +m``2Mi /Bz2`2M+2b `2 b 7QHHQrb, RXR9 ƒ 7Q` R M;fKH- RXy8 ƒ 7Q` Ryy T;fKH-
M/ RX8e ƒ 7Q` Ry T;fKHX Ai rb +QM+Hm/2/ i?i i?2 >_S /B/ MQi +i b ?QT2/ 7Q`-
#mi BMbi2/ Bi Bb bmbT2+i2/ i?i i?2`2 rb  +v+HB+ `2+iBQM i?i rb ?TT2MBM; HQM;bB/2
i?2 KBM 2H2+i`QM i`Mb72` #2ir22M i?2 2H2+i`Q/2bX q?2M HQQFBM; #+F i 9Xk iQ 9X9- i?Bb
`2+iBQM KB;?i ?p2 #22M BM/m+2/X Ai /B/ MQi B/ iQ i?2 i`Mb72`- #mi BMbi2/ //2/ M
//BiBQMH bi2T iQ ;2i i?2 2H2+i`QM iQ i?2 2H2+i`Q/2- 2tTHBMBM; i?2 /2+`2b2 BM i?2 T2F
?2B;?ibX
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6B;m`2 eXkR, .`QTa2Mb >_S H#2HH2/ T`Qi2BM rBi? >2P2 aqo T2F +m``2Mi +QKT`2/ iQ
i?2 MQ`KH 2H2+i`QHviB+ HB[mB/
eXjXk aqo Q7 /Bz2`2Mi bi;2b
h?2 aqo T2F +m``2Mib 7Q` i?2 /Bz2`2Mi T?b2b Q7 i?2 T`QD2+i Bb ;Bp2M BM 6B;m`2 eXkkX
h?2 HBM2` `2;BQMb Q7 i?2 mMH#2HH2/ M/ H#2HH2/ T`Qi2BM Qp2`HTT2/ #2ir22M R M;fKH iQ
Ryy T;fKH- i?mb  R M;fKH rb +?Qb2M iQ BM/B+i2 i?2 +?M;2 #2ir22M i?2 bi;2bX h?2
/Bz2`2Mi 2z2+ib +M #2 /B`2+iHv +QKT`2/X h?2`2 Bb  ?B;? T2F +m``2Mi r?2M mbBM; i?2
mMKQ/B}2/ b2MbQ` bm`7+2 BM +QKT`BbQM rBi? i?2 bm#b2[m2Mi i2bibX h?Bb Bb /m2 iQ i?2
H`;2 bm`7+2 `2 pBH#H2 7Q` i?2 2H2+i`QM i`Mb72` Q7 i?2 2H2+i`QHvi2X h?2 2H2+i`Q;`7i2/
b2MbQ`b 2t?B#Bi  HQr2` T2F +m``2Mi /m2 iQ i?2 /BbbQ+Bi2/ 7Q`K Q7 i?2 +`#QtvH ;`QmT BM
i?2 S"a #mz2` i?i BM?B#Bib i?2 2H2+i`QM i`Mb72`X
1 2 3 4 5
0
20
40
60
80
lMKQ/B}2/
1H2+i`Q;`7i2/
+"
A6L
A6L@>_S
h2bi
*
m`
`2
Mi
Uƒ

V
6B;m`2 eXkk, *QKT`BbQM Q7 aoq T2Fb Q7 b2[m2MiBH bm`7+2 KQ`T?QHQ;B2b 7Q`  T`Qi2BM
+QM+2Mi`iBQM QM R M;fKH
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b  }MH +QKK2Mi QM i?2 2H2+i`QM i`Mb72` /vMKB+b #2ir22M i?2 T`Qi2BM M/ i?2 2H2+@
i`QHvi2 M/ i?2 H#2H M/ i?2 2H2+i`QHvi2- Bi KB;?i #2 2tTHBM2/ #v i?2 BbQ2H2+i`B+ TQBMib
Q7 i?2 bT2+B}+ KQH2+mH2bX AM i?2 +b2 Q7 BMi2`72`QM ;KK- i?2 BbQ2H2+i`B+ TQBMi 7Q` i?2
T`Qi2BM Bb NXd (dd)X h?Bb K2Mb i?i BM i?2 #mz2` i  T> Q7 dX9 i?2 BMi2`72`QM Bb TQbBiBp2Hv
+?`;2/X h?Bb 2tTHBMb i?2 BM+`2b2 BM +m``2Mi b i?2 T`Qi2BM BM+`2b2bX b 7Q` i?2 H#2HH2/
T`Qi2BM- bQK2i?BM; i?i ?b MQi v2i #22M +QMbB/2`2/ Bb i?2 #BQiBM M/ bi`2TipB/BM HBMF
7`QK i?2 >_S iQ i?2 +Tim`2/ MiB#Q/vX h?2 BbQ2H2+i`B+ TQBMi 7Q` #BQiBM Bb jX8- M/ i?2
BbQ2H2+i`B+ TQBMi 7Q` bi`2TipB/BM +M `M;2 7`QK 8 iQ dX8 (d3)X h?Bb K2Mb i?i #Qi? i?2
bi`2TipB/BM M/ #BQiBM `2 M2;iBp2Hv +?`;2/ i  T? Q7 dX9X hFBM; BMiQ ++QmMi i?2
KQH2+mH` Kbb Q7 i?2 KQH2+mH2b- Ubi`2TipB/BM ey F. M/ #BQiBM k99Xj .V Bi KB;?i #2
+QM+Hm/2/ i?i i?2 bi`2TipB/BM Bb H`;2Hv i?2 +QMi`B#miQ` iQ i?2 M2;iBp2 +?`;2X h?2
T`Qi2BM ?b  KQH2+mH` Kbb Q7 kyX9 F.- r?B+? K2Mb i?2 bi`2TipB/BM Bb Km+? H`;2`
M/ +QmH/ ?p2  T`QTQ`iBQMi2 BM~m2M+2 QM i?2 +?`;2 i i?2 bm`7+2X >_S U9y F.V QM
i?2 Qi?2` ?M/ ?b  BbQ2H2+i`B+ TQBMi Q7 dXk (dN)- r?B+? K2Mb BM i?2 #mz2` Bi ?b  bKHH
M2;iBp2 +?`;2X A7 i?2 M2;iBp2 +?`;2 Q7 i?2 bi`2TipB/BM Bb i?2 /QKBMiBM; 7Q`+2- i?Bb
rQmH/ 2tTHBM i?2 /2+`2b2 BM +m``2Mi b i?2 +QM+2Mi`iBQM Bb /2+`2b2/X
eX9 *QM+HmbBQM
h?Bb +?Ti2` /Bb+mbb2/ i?2 2tT2`BK2Mib i?i r2`2 +QM/m+i2/ iQ /2i2`KBM2 i?2 pB#BHBiv Q7
/2i2+iBM; BMi2`72`QM ;KK rBi? M 2H2+i`Q+?2KB+H +2HH mbBM; b[m`2 rp2 pQHiKK2i`vX
 +QKK2`+BH b2MbQ` rb mb2/ iQ +QM/m+i i?2b2 i2bibX
h?2 2H2+i`Q+?2KBbi`v i?2Q`v rb pHB/i2/ M/ Bi rb 7QmM/ i?i i?2 b2MbQ` T2`7Q`K2/ b
2tT2+i2/X h?2 /Bz2`2Mi b2MbBM; +QM};m`iBQMb r2`2 i2bi2/, mMH#2HH2/ BMi2`72`QM ;KK-
>_S@H#2HH2/ BMi2`72`QM ;KK- M/ >_S@H#2HH2/ BMi2`72`QM ;KK rBi? >2P2X HH Q7
i?2 K2i?Q/b r2`2 #H2 iQ /2i2+i /Bz2`2Mi +QM+2Mi`iBQMb Q7 BMi2`72`QM ;KK- #mi i?2
>2P2 i2bib /B/ MQi // iQ i?2 `2bTQMb2 Q7 i?2 bvbi2KX Ai rb +QM+Hm/2/ i?i i?2 H#2HH2/
M/ mMH#2HH2/ BMi2`72`QM ;KK K2i?Q/b #Qi? HQQF2/ T`QKBbBM;- M/ i?Bb rb iQ #2 mb2/
r?2M /2p2HQTBM; i?2 ?QK2@#b2/ b2MbQ`bX
AM i?Bb bim/v- i?2 rQ`FBM; `M;2 Q7 i?2 H#2HH2/ M/ mMH#2HH2/ T`BM+BTH2b r2`2 R M;ffKH
iQ Ry T;fKH 7Q` i?2 7Q`K2`- M/ Ry M;fKH iQ Ryy T;fKH 7Q` i?2 Hii2`X
Stellenbosch University  https://scholar.sun.ac.za
*?Ti2` d
JMm7+im`2/ b2MbQ` }M/BM;b
h?2 2tT2`BK2MiH }M/BM;b T`2b2Mi2/ BM i?Bb +?Ti2` r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Ti2` Bb iQ ?B;?HB;?i QMHv i?2 //BiBQMH +QKK2Mi`v
`2;`/BM; i?2 `2bmHibX  +QKT`BbQM Q7 i?2 /Bz2`2Mi b2MbQ`b +M #2 7QmM/ BM i?2
7QHHQrBM; +?Ti2`- *?Ti2` 3X
dXR "`B27 Qp2`pB2r
h?Bb +?Ti2` /Bb+mbb2b i?2 b2H2+iBQM Q7 i?2 T`272``2/ ?QK2@#mBHi b2MbQ` +QM};m`iBQMX h?2
2H2+i`Q+?2KB+H bi#BHBiv Q7 i?2 b2MbQ` rb pHB/i2/ #v +v+HB+ pQHiKK2i`v M/ b[m`2
rp2 pQHiKK2i`v BM i?2 Tm`2 2H2+i`QHviB+ HB[mB/X h?2 b2MbQ`b r2`2 2H2+i`Q;`7i2/ M/
+?`+i2`Bb2/X h?2 BKKQ#BHBbiBQM Q7 i?2 MiB#Q/v M/ /2i2+iBQM Q7 H#2HH2/ M/ mM@
H#2HH2/ BMi2`72`QM ;KK rb +QM/m+i2/ M/ i?2 T2F +m``2Mib `2 +QKT`2/ BM i?Bb
+?Ti2`X
dXk a2MbQ` b2H2+iBQM
h?2 7Qm` KMm7+im`2/ b2MbQ`b r2`2 i2bi2/ rBi? i?2 2H2+i`QHviB+ HB[mB/ iQ /2i2`KBM2 i?2
`2T2i#BHBiv Q7 i?2B` 2H2+i`Q+?2KB+H +iBpBivX Ai rb [mB+FHv 7QmM/ i?i i?2 2H2+i`QHviB+
HB[mB/ ?/  i2M/2M+v iQ +`22T i?`Qm;? i?2 }#`2b iQr`/b i?2 bT`BM; T`Q#2bX q?2M BM
+QMi+i rBi? i?2 2H2+i`QHviB+ HB[mB/- i?2 T`Q#2b bi`i2/ iQ iF2 T`i Q7 i?2 `2/Qt T`Q+2bb-
/BbbQHpBM; BMiQ i?2 2H2+i`QHvi2X h?2 K2iH BQMb rQmH/ i?2M +QMi`B#mi2 iQ i?2 K2bm`2/
+m``2MiX  b?Q`i QT2`iBQM M/ ?`/r`2 bmKK`v Q7 i?2 b2MbQ`b `2 ;Bp2M,
a2MbQ` R, h?2 b2MbQ` ?/ i?2 /pMi;2 Q7 #2BM; +QKT+i M/ i?2 2bB2bi iQ bb2K@
#H2 Q7 i?2 7Qm` b2MbQ`bX Aib HB72iBK2 rb b?Q`i@HBp2/ #2+mb2 Q7 i?2 i2M/2M+v Q7 ?pBM;
2H2+i`QHviB+ HB[mB/ b22T iQ i?2 bT`BM; T`Q#2bX Ai rb /B{+mHi iQ HB;M i?2 2H2+i`Q/2b #2@
+mb2 i?2`2 rb MQ pBbmH rv iQ `2T2i2/Hv TH+2 i?2 2H2+i`Q/2bX h?2 `2bmHib r2`2 iQQ
BM+QMbBbi2Mi iQ T`QpB/2 i?2 #bBb 7Q`  bi#H2 b2MbQ`X
a2MbQ` k, h?2 b2MbQ` T`Qp2/ iQ vB2H/ KQ`2 `2T2i#H2 `2bmHib i?M i?2 }`bi b2MbQ`- #mi
i?2 `i2 Q7 KMm7+im`BM; i?2 b2MbQ`b T`Qp2/ iQ KF2 Bi mM/2bB`#H2X h?2 HB;MK2Mi Q7 i?2
/Bz2`2Mi K/2 Bi  +QMbmKBM; T`Q+2bbX h?2 2H2+i`QHviB+ HB[mB/ ?/  i2M/2M+v Q7 `mMMBM;
Qz i?2 2H2+i`Q/2b /m`BM; i?2 2tT2`BK2Mib /m2 iQ i?2 bKHH `B/;2 F22TBM; i?2 HB[mB/ BM TH+2X
3j
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a2MbQ` j, h?2 ?v/`QT?Q#B+ bT`v i?i +Qi2/ i?2 }#`2 i`+Fb H2/BM; mT iQ i?2 i`Mb@
/m+2` `2 b22K2/ iQ BM?B#Bi 2H2+i`B+H +QM/m+iBpBivX LQM2 Q7 i?2 /2p2HQT2/ b2MbQ`b rQ`F2/X
PM2 /pMi;2 Q7 i?Bb b2MbQ` rb i?2 7+i i?i Bi F2Ti i?2 2H2+i`QHviB+ HB[mB/ BM TH+2X
a2MbQ` 9, "b2/ QM i?2 /2bB;M Q7 a2MbQ` R- M/ ?pBM; i?2 /pMi;2 Q7 i?2 ?v/`QT?Q#B+
+?`+i2`BbiB+b Q7 a2MbQ` j- i?Bb b2MbQ` T`QpB/2/  bBKTH2 M/ `Q#mbi rv Q7 KFBM; i?2
/2bB`2/ 2H2+i`Q+?2KB+H +2HHX h?2 2H2+i`QHviB+ HB[mB/ /B/ MQi b22T i?`Qm;? i?2 ;bF2i `2-
M/ B7 Bi /B/ bQ- Bi rb ?BM/2`2/ #v i?2 ?v/`QT?Q#B+ Hv2`X
qBi? i?2 Q#pBQmb b2H2+iBQM- a2MbQ` 9 rb /2p2HQT2/ #v 7#`B+iBM; k8 /Bz2`2Mi +bBM;bX
h?2 2H2+i`Q/2b r2`2 `2TH+2#H2 M/ i?2 ?v/`QT?Q#B+ Hv2` rb +QKTH2i2Hv `2KQp2/ 7Q`
i?Q`Qm;? +H2MBM; #27Q`2 `2mb2X
dXj //BiBQMH KQ/B}+iBQMb
Ai rb 7QmM/ i?i #v mbBM; Tm`2 bBHp2` Bi `2H2b2/ bBHp2` BQMb BMiQ i?2 2H2+i`QHviB+ bQHmiBQMX
h?Bb K2Mi i?i i?2 `272`2M+2 2H2+i`Q/2 rb iFBM; T`i Q7 i?2 `2+iBQM- r?B+? rb MQi 
/2bB`2/ ii`B#mi2X  b2MbQ` rBi? i`Mb72``2/ bBHp2` +M #2 b22M BM 6B;m`2 dXRX
6B;m`2 dXR, aBHp2` BQMb i`Mb72``2/ iQ i?2 /Bz2`2Mi 2H2+i`Q/2b
h?Bb rb +QmMi2`2/ #v +QiBM; i?2 bBHp2` BM +?HQ`BM2 iQ +`2i2  bBHp2`fbBHp2` +?HQ`BM2
`272`2M+2 2H2+i`Q/2X h?Bb rb /QM2 #v TH+BM; i?2 bBHp2` BM jX8W Kfo bQ/BmK ?vTQ+?HQ`Bi2
7Q` Ry KBMmi2bX h?2 bQ/BmK ?vTQ+?HQ`Bi2 mb2/ rb MQ`KH ?Qmb2?QH/ #H2+? Tm`+?b2/ i
 bmT2`K`F2iX  mb2/ M/ `27m`#Bb?2/ bBHp2` `272`2M+2 2H2+i`Q/2 Bb ;Bp2M #v 6B;m`2 dXkX
Stellenbosch University  https://scholar.sun.ac.za
*>Sh1_ dX JLl6*hl_1. a1LaP_ 6AL.AL:a 38
6B;m`2 dXk,  mb2/ M/ `27m`#Bb?2/ bBHp2` 2H2+i`Q/2 +Qi2/ BM +?HQ`B/2
q?2M2p2`  `272`2M+2 2H2+i`Q/2 rb `27m`#Bb?2/- i?2 Qmi2` Hv2` rb bM/2/ /QrM rBi?
}M2 bM/BM; TT2`X h?2 2H2+i`Q/2 rb rb?2/ rBi? MQ`KH ri2`- +2iQM2- M/ i?2M
/2BQMBx2/ ri2`X h?2 +H2M 2H2+i`Q/2 rb 7mHHv bm#K2`;2/ BM i?2 bQ/BmK ?vTQ+?HQ`Bi2 7Q`
i2M KBMmi2b M/ i?2M rb?2/ rBi? /2BQMBx2/ ri2`X h?2 2M/ Q7 i?2 2H2+i`Q/2 rb bM/2/
iQ T`QpB/2  +QMi+i TQBMi 7Q` i?2 bT`BM; T`Q#2X
dX9 JMm7+im`2/ b2MbQ`b 2tT2`BK2MiH `2bmHib
h?2 KMm7+im`2/ b2MbQ`b r2`2 i2bi2/ rBi? i?2 bK2 K2i?Q/QHQ;v b 7QHHQr2/ 7Q` i?2
.`QTa2Mb b2MbQ`b- rBi?  72r /DmbiK2Mib iQ bmBi i?2 Mim`2 Q7 i?2 b2MbQ`bX
dX9XR lMKQ/B}2/ b2MbQ` `2bTQMb2
h?2 2H2+i`Q+?2KB+H +iBpBiv Q7 i?2 b2MbQ` rb 2pHmi2/ #v /QBM;  +v+HB+ pQHiKK2i`v
2tT2`BK2Mi BM i?2 2H2+i`QHviB+ HB[mB/X h?2 `2bTQMb2 +M #2 b22M BM 6B;m`2 dXjX
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h?2 b2MbQ` `2bTQMb2 b22K2/ iQ #2 pBbmHHv bi#H2 #2+mb2 Q7 MQ /`B7iBM;X h?2 b[m`2 rp2
pQHiKK2i`v i2bi rb +QM/m+i2/- M/ i?2 `2bmHi Bb ;Bp2M BM 6B;m`2 dX9
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6B;m`2 dX9, lMKQ/B}2/ b2MbQ` b[m`2 rp2 pQHiKK2i`v `2bTQMb2
h?2 `2bmHib Q7 #Qi? 6B;m`2 dXj M/ dX9 BM/B+i2/  bi#H2 b2MbQ`X h?2 T2F 7Q` i?2 aqo
rb p2`v r2HH /2}M2/X h?Bb rb #2+mb2 i?2 7`2[m2M+v i r?B+? i?2 aqo rb T2`7Q`K2/
rb BM+`2b2/ iQ 8y >xX h?2 2z2+i rb bim/B2/ #v BM+`2bBM; i?2 7`2[m2M+v 7`QK Ry >x iQ
8y >xX h?Bb +M #2 b22M BM 6B;m`2 dX8X h?2 KBM 2z2+i Q7 BM+`2bBM; i?2 7`2[m2M+v rb
i?2 b2iiHBM; +m``2Mi i r?B+? i?2 2H2+i`QHvi2 bi#BHBb2/X h?2 /i 7Q` i?Bb rb +QHH2+i2/
mbBM;  bi#H2 b2MbQ` Q7 a2MbQ` k- r?B+? KB;?i #2 i?2 `2bQM 7Q` i?2 T2F b?T2 /Bz2`2M+2X
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6B;m`2 dX8, JMm7+im`2/ b2MbQ` aqo 7`2[m2M+v BM+`2b2 `2bTQMb2
h?2 2z2+i Q7 i?2 BM+`2b2 BM 7`2[m2M+v rb bim/B2/ 7Q` a2MbQ` 9 #v K2bm`BM; i?2 `2bTQMb2
Q7 i?2 b2MbQ` i i?2 mbmH k8 >x- M/ i?2M QM2 i 8y >xX h?2 mM}Hi2`2/ `2bTQMb2 Bb ;Bp2M
BM 6B;m`2 dXe
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6B;m`2 dXe, lMKQ/B}2/ b2MbQ` aqo 7`2[m2M+v +?M;2 2z2+i mM}Hi2`2/
h?2 2z2+i Q7 i?2 MQ`KHBbBM; H;Q`Bi?K rb HbQ i2bi2/ QM i?2 BM+`2b2/ 7`2[m2M+v- bQ
MHvb2 B7 i?2 T2Fb 7Q` i?2 /Bz2`2Mi 7`2[m2M+B2b /Bz2`2/ BM bQK2 rvX A7 i?2 K;MBim/2
Q7 i?2 T2Fb p`B2/- i?2M  +QKT`BbQM iQ i?2 .`QTa2Mb `2bmHib BM *?Ti2` e rQmH/ MQi
#2 pHB/X h?2 irQ MQ`KHBb2/ `2bTQMb2b +M #2 b22M BM 6B;m`2 dXdX
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HBb2/
Ai +M #2 Q#b2`p2/ i?i i?2 K;MBim/2 Q7 i?2 T2Fb `2 `2HiBp2Hv i?2 bK2X Ai rb +QM@
+Hm/2/- 7`QK i?2b2 `2bmHib- i?i i?2 T2Fb r2`2 +QKT`#H2X h?2 BM+`2b2/ 7`2[m2M+v
T`QpB/2/ /i i?i rb 2bB2` 7Q` i?2 H;Q`Bi?K iQ BMi2`T`2i M/ T`QpB/2 K2MBM;7mH `2@
bmHibX M BMi2`2biBM; T?2MQK2M i?i +M #2 b22M BM i?2 `2bTQMb2 Q7 6B;m`2 dXd Bb i?2
/Bz2`2M+2 BM i?2 ?H7 rp2 TQi2MiBHX h?2 ?H7 rp2 TQi2MiBH KQp2/ iQ  KQ`2 M2;iBp2
pHm2X h?Bb Bb +H2`Hv BHHmbi`i2/ BM 6B;m`2 dX8 r?2`2 i?2 /2+`2b2 BM i?2 ?H7 rp2 TQi2M@
iBH +Q``2bTQM/b rBi? i?2 bHQr BM+`2b2 BM 7`2[m2M+vX
h?2 2z2+i Q7 BM+`2bBM; i?2 TmHb2 bBx2 rb HbQ MHvb2/X h?2 `2bTQMb2 rb b 2tT2+i2/-
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r?2`2 i?2 T2F +m``2Mi ;`2r b i?2 TmHb2 bBx2 BM+`2b2/X h?Bb Bb b?QrM 7Q` R Ko iQ jy
Ko TmHb2 bBx2 BM 6B;m`2 dX3X
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b 7Q` i?2 T`2pBQmb 2tT2`BK2Mib- bBM+2 Bi
?/  /2}MBi2 2z2+i QM i?2 T2F +m``2MiX A7 i?Bb rb +?M;2/- i?2 `2bmHib rQmH/ MQi #2
+QKT`#H2 rBi? i?i 7QmM/ rBi? i?2 .`QTa2MbX h?2 QMHv KQ/B}+iBQM rb i?2 7`2[m2M+v
Q7 i?2 aqo- M/ b T`2pBQmbHv bii2/- ?/ MQ FMQrM 2z2+i QM i?2 T2F ?2B;?ibX
dX9Xk 1H2+i`Q;`7iBM;
h?2 M2ti bi2T rb iQ 2H2+i`Q;`7i QM iQ i?2 }#`2bX Ai rb MQi M2+2bbBiv 7Q`  bBM;H2 +v+H2-
bBM+2 i?2 T`K2i2`b ?/ H`2/v #22M 2bi#HBb?2/X h?2 2H2+i`Q;`7iBM; T`Q+2bb +M #2
b22M BM 6B;m`2 dXNX
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h?2 BMBiBH +m``2Mi 7Q` i?2 b2MbQ`b rb /Bz2`2Mi 7`QK r?i rb 2tT2+i2/X h?Bb KB;?i #2
iQ +?HQ`BM2 BQMb biBHH BM i?2 pB+BMBiv Q7 i?2 `272`2M+2 2H2+i`Q/2X A7 i?Bb rb i?2 +b2- i?2
bi`v BQMb #2+K2 /2TH2i2/ #27Q`2 i?2 2M/ Q7 i?2 }`bi +v+H2X MQi?2` /Bz2`2M+2 rb i?2
//BiBQMH QtB/iBQM M/ `2/m+iBQM T2Fb i?i Q++m`2/ #Qp2 y oX h?Bb rb MQi +QMbB/2`2/
iQ #2  T`Q#H2K- bBM+2 Bi b22K2/ iQ `2p2`b2 Bib2H7 BM 2p2`v +v+H2X h?2 ;`7iBM; rb HbQ
bm++2bb7mH /m2 iQ i?2 +?M;2 BM T2F +m``2Mib i @yXe o- BM/B+iBM;  bm`7+2 KQ`T?QHQ;v
+?M;2X h?2 2H2+i`Q;`7i2/ }#`2b r2`2 i2bi2/ rBi? aqoX h?2 `2bTQMb2 +M #2 b22M BM
6B;m`2 dXRyX
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h?2 T2F +m``2Mi +?M;2/ 7`QK 8kXd3 ƒ iQ kdX9R ƒ 7i2` i?2 2H2+i`Q;`7iBM; T`Q+2bbX
h?2 /2+`2b2 BM +m``2Mi ?TT2M2/ b 2tT2+i2/- rBi? i?2 M2rHv 7Q`K2/ +`#QtvH ;`QmTb
;`7i2/ iQ i?2 b2MbQ` bm`7+2X
dX9Xj AMi2`72`QM ;KK
h?2 +`#QtvH ;`QmTb r2`2 +iBpi2/ ++Q`/BM; iQ i?2 L>af1.* T`QiQ+QHX h?2 +Tim`2
MiB#Q/v rb BM+m#i2/ QM i?2 b2MbQ` Qp2`MB;?i i i?2 T`2/2i2`KBM2/ +QM+2Mi`iBQM Q7 k
ƒ; fKHX Ai rb /2+B/2/ iQ F22T i?Bb +QMbiMi #2+mb2 M BM+`2b2 BM MiB#Q/v rQmH/ K2M
KQ`2 #BM/BM; bBi2b 7Q` i?2 T`Qi2BM- i?mb +?M;BM; QM2 Q7 i?2 +`BiB+H 7+iQ`b i?i rQmH/
KF2 i?2 +QKT`BbQM rBi? i?2 +QKK2`+BH /2pB+2 BMpHB/X //BiBQMHHv- i?2 `2bTQMb2 7Q`
 b2MbQ` rBi? i?Bb +QM+2Mi`iBQM MiB#Q/v rb FMQrM- B7 i?2 KMm7+im`2/ b2MbQ`b 7BH2/
iQ rQ`F- i?Bb 7+iQ` +QmH/ ?p2 #22M iQ #HK2X h?2 +QM+2Mi`iBQMb 7Q` i?2 T`Qi2BM rb
/2i2`KBM2/ #v i?2 `2bTQMb2 Q7 i?2 +QKK2`+BH b2MbQ`X h?2 `M;2 i?i rb mb2/ bTMM2/
7`QK Ry M;fKH iQ R T;fKH- rBi? M 4 j T2` +QM+2Mi`iBQMX h?2 mM}Hi2`2/ `2bTQMb2 7Q` i?2
+Tim`2/ T`Qi2BM Bb b?QrM #v 6B;m`2 dXRRX
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BiBp2 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iBQM Bb bm`Tbb2/ M/ i?2 T2F +m``2Mi /2+`2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6B;m`2 dXR9, JMm7+im`2/ b2MbQ` +Tim`2/ T`Qi2BM aqo T2F +HB#`iBQM +m`p2
dX9X9 >Q`b2`/Bb? T2`QtB/b2
h?2 }MH i2bi rb iQ MHvb2 i?2 2z2+i i?i i?2 >_S@H#2HH2/ MiB#Q/v ?/ QM i?2 `2bTQMb2
Q7 i?2 b2MbQ`X h?2 T`QiQ+QH rb 7QHHQr2/ b #27Q`2- M/ i?`22 b2MbQ`b T2` +QM+2Mi`iBQM
rb i2bi2/X h?2 +QM+2Mi`iBQM i2bi `M;2 rb 7`QK Ry M;fKH iQ Ry 7;fKHX h?Bb `M;2
rb +?Qb2M #2+mb2 rBi? i?2 .`QTa2Mb b2MbQ`b i?2 HQr2` /2i2+iBQM HBKBi rb MQi `2+?2/-
i?mb KQiBpiBM; i?2 TT`Q+? iQ i2bi i?2 /2i2+iBQM 7Q` 2p2M HQr2` +QM+2Mi`iBQMb Q7 i?2
T`Qi2BMX h?2 aqo +m`p2b 7Q`  bBM;H2 i2bi T2` +QM+2Mi`iBQM Bb ;Bp2M BM 6B;m`2 dXR8X
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6B;m`2 dXRe, JMm7+im`2/ b2MbQ` +Tim`2/ H#2HH2/ T`Qi2BM aqo T2Fb
h?2 bK2 i`2M/ BM i?2 /i +M #2 Q#b2`p2/ r?2`2  /2+`2b2 BM i?2 H#2HH2/ T`Qi2BM
K2Mi M BM+`2b2 BM i?2 T2F +m``2MibX h?2 HBM2` rQ`FBM; `M;2 Q7 i?2 b2MbQ` rb
Q#b2`p2/ iQ #2 7`QK R M;fKH iQ Ryy 7;fKHX h?2 +HB#`iBQM +m`p2 Bb ;Bp2M BM 6B;m`2 dXRd
b y = −17.727− 4.483 log(x)X h?2 _@b[m`2/ pHm2 Q7 yXNy3 rb +H+mHi2/ rBi?  `QQi
K2M b[m`2/ pHm2 Q7 kXRe ƒX
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6B;m`2 dXRd, JMm7+im`2/ b2MbQ` +Tim`2/ H#2HH2/ T`Qi2BM aqo T2F +HB#`iBQM +m`p2
dX9X8 L2;iBp2 +QMi`QH
L2;iBp2 +QMi`QH i2bib r2`2 +QM/m+i2/ iQ KQMBiQ` i?2 bT2+B}+Biv Q7 i?2 b2MbQ` M/ iQ pH@
B/i2 i?2 b2MbBM; K2+?MBbK Q7 i?2 2H2+i`QHvi2@T`Qi2BM M/ >_S BMi2`+iBQMX
h?2 BMi2`+iBQM rb MHvb2/ #v mbBM;  /Bz2`2Mi +Tim`2 MiB#Q/vX h?2 Q`B;BMH MiB@
2[mBM2 BMi2`72`QM ;KK MiB#Q/v U+"V rb `2TH+2/ rBi? M MiB@?mKM BMi2`72`QM
;KK MiB#Q/v U+"kVX h?2 `2bi Q7 i?2 +?2KB+Hb r2`2 F2Ti i?2 bK2X h?2 +"k
rb BKKQ#BHBb2/ iQ i?2 b2MbQ`b- M/ i?2 2[mBM2 BMi2`72`QM ;KK rb BM+m#i2/ rBi? 
+QM+2Mi`iBQM `M;2 Q7 Ry M;fKH iQ Ry 7;fKHX 6QHHQrBM; i?Bb- i?2 2[mBM2 H#2H MiB#Q/v
rb BM+m#i2/ QM i?2 b2MbQ`b- 7QHHQr2/ #v i?2 bi`2TipB/BM >_S- ++Q`/BM; iQ T`QiQ+QHX
h?Bb rb rb?2/ M/ i2bi2/ b #27Q`2X h?2 ;QH Q7 i?Bb +?M;2 BM i?2 2tT2`BK2Mi rb iQ
MHvb2 B7 i?2 >_S rb #BM/BM; bT2+B}+HHv iQ i?2 #BQiBMvHi2/ H#2H MiB#Q/vX A7 i?Bb r2`2
i?2 +b2- i?2 `2bTQMb2 Q7 6B;m`2 dXRe rQmH/ #2 `2THB+i2/ #v mbBM; i?2 mMKi+?2/ +Tim`2
MiB#Q/v- M/ i?2 `2bTQMb2 +m`p2b 7Q` i?2 >_S@H#2HH2/ T`Qi2BM rQmH/ #2 /Bb[mHB}2/ b
 /2i2+iBQM +m`p2 7Q` BMi2`72`QM ;KKX h?2 `2+Q`/2/ `2bTQMb2 7Q` i?Bb 2tT2`BK2Mi Bb
;Bp2M BM 6B;m`2 dXR3X h?Bb Bb +QKT`2/ iQ i?2 HBM2` rQ`FBM; `M;2 Q7 i?2 irQ b2MbBM;
i2+?MB[m2b- M/ i?2 `2bTQMb2 Q7 ?pBM; QMHv  +Tim`2 MiB#Q/v BKKQ#BHBb2/ QM i?2 bm`7+2X
Ai +M #2 Q#b2`p2/ i?i i?2 `2bTQMb2 Q7 i?2 +QMi`QH i2bi rb `2T2i#H2 7Q` i?2 /Bz2`@
2Mi +QM+2Mi`iBQMb Q7 i?2 T`Qi2BMX h?Bb K2Mb i?i i?2 H#2H /B/ MQi bTQMiM2QmbHv #BM/
iQ Mvi?BM; 2Hb2 #mi i?2 T`Qi2BM M/ i?2 T`BM+BTH2 QM r?B+? i?2 /2i2+iBQM rb #b2/ rb
pHB/X h?2`2 rb  ;2M2`H BM+`2b2 BM i?2 T2F +m``2Mi- +QKT`2/ iQ i?2 b2MbQ` rBi?
QMHv i?2 +Tim`2 MiB#Q/v HBMF2/ iQ BiX h?Bb KB;?i #2 ii`B#mi2/ iQ MQMbT2+B}+ /bQ`T@
iBQM Q7 i?2 /Bz2`2Mi KQH2+mH2b QM i?2 b2MbQ` bm`7+2X Ai /B/ ?Qr2p2` b?Qr i?i i?2 HQr2`
/2i2+iBQM HBKBi Q7 i?2 mMH#2HH2/ T`Qi2BM rb i Bib 2ti`2K2X Ai HbQ 2tTHBMb i?2 mTT2`
/2i2+iBQM HBKBi Q7 i?2 >_S@H#2HH2/ T`Qi2BM- bBM+2 i?2 b2MbQ` `2+?2/  bim`iBQM TQBMi
7i2` R M;fKH- b b22M BM 6B;m`2 dXRjX
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;MQb2 h" (3y)X
 +QM+2Mi`iBQM Q7 Ry T;fKH rb BM+m#i2/ QM i?`22 b2MbQ`bX h?2 `2bTQMb2 Bb ;Bp2M #v
6B;m`2 dXRN- r?2`2 Bi Bb +QKT`2/ iQ i?2 `2bTQMb2 Q7 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F `2bTQMb2b 7Q` Ry T;fKH T`Qi2BMb UA6L M/ *_SV
h?Bb vB2H/2/ M BMi2`2biBM; `2bmHi- #2+mb2 i?2 bT2+B}+Biv Q7 i?2 b2MbQ` i Ry T;fKH Bb biBHH
KBMiBM2/ #2+mb2 i?2 `2bTQMb2b /Q MQi Qp2`HTX q?2M +QKT`BM; i?Bb rBi? i?2 HQr2bi
T2Fb Q7 #Qi? i2bib- i?2 bT2+B}+Biv +?M;2bX h?Bb +M #2 b22M BM 6B;m`2 dXky
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iBp2 iQ i?2 M2;iBp2 +QMi`QH Q7 *_S
h?Bb K2Mb i?i i?2 b2MbQ`b `2 H2bb bT2+B}+ i i?2B` HQr2` 2ti`2K2bX h?Bb +QmH/ #2
BKT`Qp2/ B7 i?2 bT`2/ Q7 i?2 /i Bb HbQ +QMbB/2`2/ b M BM/B+iBQM Q7 bT2+B}+ #BM/BM;bX A7
i?2 iQiH Q7 i?2 i?`22 i2bib `2 ++QmMi2/ iQ;2i?2`- i?2 *_S /i `M;2b rBi?  KtBKmK
Q7 jX8Re ƒ 7`QK i?2 K2M- r?BHbi i?2 mMH#2HH2/ M/ H#2HH2/ `M;2b r2`2 RXyj M/
RXk ƒ- `2bT2+iBp2HvX h?Bb KB;?i #2 2tTHBM2/ #v i?2 #bQ`#M+2 Q7 i?2 *_S- BMbi2/ Q7
i?2 bi`QM;2` {MBiv #BM/BM; iQ i?2 MiB#Q/vX
dX8 *QM+HmbBQM
h?Bb +?Ti2` /Bb+mbb2/ i?2 b2H2+iBQM Q7 i?2 KMm7+im`2/ b2MbQ` M/ i?2 //BiBQMH +?M;2b
i?i r2`2 K/2 iQ i?2 /2bB;MbX h?2 2H2+i`Q+?2KB+H +iBpBiv Q7 i?2 KMm7+im`2/ b2MbQ`
rb i2bi2/ M/ pHB/i2/ #27Q`2 BKKQ#BHBbBM; i?2 +Tim`2 MiB#Q/v iQ i?2 2H2+i`Q;`7i2/
bm`7+2X .Bz2`2Mi b[m`2 rp2 pQHiKK2i`v b2iiBM;b r2`2 +QKT`2/ iQ }M/ i?2 bmBi#H2
b2iiBM;b 7Q` MHvbBb Q7 i?2 b2MbQ`bX
h?2 bvbi2K rb #H2 iQ bm++2bb7mHHv /2i2+i mMH#2HH2/ M/ H#2HH2/ BMi2`72`QM ;KKX
h?2 7Q`K2` ?pBM;  HBM2` rQ`FBM; `M;2 Q7 R M;fKH iQ R T;fKH Q7 i?2 T`Qi2BM- M/
i?2 Hii2`  HBM2` rQ`FBM; `M;2 Q7 R M;fKH iQ Ryy 7;fKHX h?2 b2MbBM; K2+?MBbK rb
bm++2bb7mHHv pHB/i2/ rBi?  M2;iBp2 +QMi`QH i2bi- M/ i?2 i?2 bT2+B}+Biv rb MHvb2/
#v mbBM; *@`2+iBp2 T`Qi2BM M/ +QKT`BM; Bi rBi? i?2 Q`B;BMH `2bmHibX
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b bi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M/ HBM2`
`2;`2bbBQM `2 +QKT`2/ M/ /Bb+mbb2/X
3XkXR lMKQ/B}2/ `2bTQMb2
h?2 p2`;2 Q7 i?`22 +v+HB+ pQHiKK2i`v T2Fb 7Q` i?2 2H2+i`QHviB+ `2bTQMb2 Q7 i?2 b2MbQ`b
`2 ;Bp2M BM h#H2 3XRX h?2 `2bTQMb2 Q7 i?2 7#`B+i2/ b2MbQ` rb TT`QtBKi2Hv RN iBK2b
H`;2` i?M i?i Q7 i?2 +QKK2`+BH b2MbQ`X h?Bb +M #2 ii`B#mi2/ iQ i?2 H`;2` bm`7+2
`2 Q7 i?2 2H2+i`Q/2b mb2/ BM i?2 ?QK2@#mBHi b2MbQ`X h?2 bi#BHBiv Q7 #Qi? b2MbQ`b +M #2
BHHmbi`i2/ rBi? i?2 T2F ?2B;?ib- bBM+2 i?2 `2/m+iBQM T2F HKQbi +QKTH2i2Hv `2p2`b2b i?2
2z2+i Q7 i?2 QtB/iBQM T2F BM #Qi? +b2bX h?Bb 2z2+i BM/B+i2b i?2 +QMbBbi2M+v 2H2+i`QHviB+
HB[mB/ mb2/- bBM+2 #Qi? b2MbQ`b r2`2 MQi pBH#H2 i i?2 bK2 iBK2 i?2v r2`2 MQi i2bi2/
rBi? i?2 bK2 #i+? Q7 i?2 /BHmi2/ TQibbBmK 72``B+vMB/2X
S2F PtB/iBQM _2/m+iBQM
.`QTa2Mb UƒV 38Xj3 @NyXkk
>QK2@#mBHi UƒV RekNXyj @RekNXy
h#H2 3XR, *v+HB+ pQHiKK2i`v T2F +QKT`BbQM 7Q` i?2 +QKK2`+BH M/ ?QK2@#mBHi b2MbQ`
Ne
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GQQFBM; #+F i i?2 _M/H2b@a2p+BF 2[miBQM /Bb+mbb2/ BM i?2 *?Ti2` j- ;Bp2M b
ip = 0.4463nFAC
0
(nFvDo
RT
) 1
2
, U3XRV
r?2`2 i?2 T2F +m``2Mi Bb  7mM+iBQM Q7 irQ +?M;2#H2 p`B#H2b- r?B+? Bb i?2 `2 UAV M/
i?2 b[m`2 `QQi Q7 i?2 b+M `i2 UvVX A7 i?2 bbmKTiBQM Bb K/2 i?i i?2 Qi?2` p`B#H2b
r2`2 F2Ti +QMbBbi2Mi 7Q` i?2 2tT2`BK2Mib i?2 `iBQ Q7 i?2 `2 /Bz2`2M+2 +M #2 +H+mHi2/
mbBM;
ip1
A1
=
ip2
A2
, U3XkV
i?2 `2 `iBQ Bb i?2M 7QmM/ iQ #2 2[mBpH2Mi iQ i?2 T2F +m``2Mi `iBQ, RNXRe 7Q` i?2
QtB/iBQM T2Fb M/ R3Xye 7Q` i?2 `2/m+iBQM T2FbX h?2 HQr2` `2 +H+mHiBQM 7Q` i?2
`2/m+iBQM T2Fb KB;?i #2 /m2 iQ i?2 //BiBQMH +?M;BM; QtB/iBQM T2F i @yXe o 7Q` i?2
.`QTa2Mb b2MbQ`X
3XkXk 1H2+i`Q;`7iBM;
h?2 2H2+i`Q;`7iBM; `2bTQMb2 T2F ?2B;?ib 7Q` i?2 /Bz2`2Mi b2MbQ`b `2 ;Bp2M BM h#H2
3XkX q?2M i?2 `2;`2bbBQM Q7 i?2 T2F +m``2Mi `iBQ Bb iF2M BMiQ +QMbB/2`iBQM- i?2 BMBiBH
`iBQ rb RNXy9 M/ i?2 }MH `iBQ RkXNyX h?2 BMBiBH T2F +Q``2bTQM/b iQ i?2 +v+HB+
pQHiKK2i`v `2bTQMb2- ;BpBM; +`2/Bi iQ i?2 bbmKTiBQM i?i i?2 2tT2`BK2MiH +QM/BiBQMb
r2`2 TT`QtBKi2Hv i?2 bK2X h?2 }MH `iBQ Q7 RkXNy Kv #2 M BM/B+iBQM i?i i?2
?QK2@#mBHi b2MbQ` mM/2`r2Mi  KQ`2 2z2+iBp2 2H2+i`Q;`7iBM; T`Q+2bb- /BKBMBb?BM; i?2
T2F +m``2Mi rBi? M BM+`2b2/ +`#QtvH ;`QmT +QmMiX
*v+H2 R k j 9
.`QTa2Mb UƒV @ddXdy @93Xe8 @jNXeN @jeXRj
>QK2@#mBHi UƒV @R93j @NjjXky @8N8Xky @9eeXky
h#H2 3Xk, 1H2+i`Q;`7iBM; T2F +m``2Mi /2+`2b2 +QKT`BbQM
3XkXj lMH#2HH2/ T`Qi2BM /2i2+iBQM
h?2 HBM2` `2;BQMb Q7 i?2 mMH#2HH2/ T`Qi2BM /2i2+iBQM Bb ;Bp2M BM 6B;m`2 3XR 7Q` #Qi? i?2
+QKK2`+BH M/ ?QK2 #mBHi b2MbQ`bX h?2 rQ`FBM; `M;2 7Q` i?2 .`QTa2Mb b2MbQ` rb 7QmM/
iQ #2 Ry M;fKH iQ Ryy T;fKHX h?2 ?QK2 #mBHi b2MbQ` ?/  HBM2` rQ`FBM; `M;2 7`QK R
M;fKH iQ R T;fKHX AM i?2 Qp2`HTTBM; `2;BQM- i?2 p2`;2 T2F +m``2Mi Q7 i?2 ?QK2@#mBHi
b2MbQ` rb 9X39 iBK2b ?B;?2` i?M i?i Q7 i?2 +QKK2`+BH b2MbQ`X
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.`QTa2Mb
>QK2@#mBHi
6B;m`2 3XR, aqo T2F `2bTQMb2 7Q` i?2 /Bz2`2Mi b2MbQ`b 7Q` /Bz2`2Mi +QM+2Mi`iBQMb Q7
i?2 mMH#2HH2/ T`Qi2BM
h?2 _Ja pHm2 7Q` i?2 Q7 i?2 ?QK2@#mBHi b2MbQ` rb RXd3 ƒ- M/ 7Q` i?2 .`QTa2Mb yXd3N
ƒX h?Bb BM/B+i2b i?i i?2 bT`2/ Q7 i?2 /i `2HiBp2 iQ i?2 p2`;2 7Q` i?2 .`QTa2Mb
rb HQr2` i?M i?i Q7 i?2 ?QK2@#mBHi b2MbQ`X h?Bb +QmH/ #2 2tT2+i2/- bBM+2 i?2 .`QTa2Mb
Bb K+?BM2 T`Q/m+2/ M/ rQmH/ ?p2 H2bb BM+QMbBbi2M+B2bX LQM2 i?2 H2bb- i?2 _Ja pHm2
7Q` i?2 ?QK2 #mBHi b2MbQ` +M biBHH #2 +QMbB/2`2/ iQ #2 HQr bBM+2 i?2 T2F +m``2Mib r2`2
Km+? ?B;?2` i?M i?2 .`QTa2Mb T2F +m``2Mib- BM+`2bBM; i?2 bB;MH iQ MQBb2 `iBQX
h?2 HBM2` `2;`2bbBQM HBM2 7Q` i?2 ?QK2@#mBHi b2MbQ` rb +H+mHi2/ iQ #2
y = 67.5645 + 3.8571 log(x) U3XjV
M/ 7Q` i?2 .`QTa2Mb
y = 39.987 + 3.681 log(x). U3X9V
h?2 `iBQ Q7 i?2 ;`/B2Mi Q7 i?2 `2;`2bbBQM Q7 i?2 /Bz2`2Mi b2MbQ`b rb +H+mHi2/ iQ #2
yXN89 U.`QTa2Mbf>QK2@#mBHiVX h?Bb K2Mb i?i i?2 i`2M/ Q7 #Qi? b2MbQ`b r2`2 +HQb2Hv
+Q``2Hi2/X h?2 QMHv KBM /Bz2`2M+2 rb i?2 KTHB}2/ +m``2Mi Q7 i?2 ?QK2@#mBHi b2MbQ`X
A7 i?2 `iBQ rb +H+mHi2/ iQ #2 R- i?2 HBM2b rQmH/ ?p2 7QHHQr2/  T2`72+i Ti? iQ;2i?2`-
BM/B+iBM; i?i i?2 +?M;2 BM +QM+2Mi`iBQM ?/ i?2 bK2 2z2+i QM #Qi? b2MbQ`bX h?2
.`QTa2Mb b2MbQ` rb MQi i2bi2/ mT iQ Bib HQr2` HBKBiX
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3XkX9 G#2HH2/ T`Qi2BM /2i2+iBQM
h?2 HBM2` `2bTQMb2 `2;BQMb Q7 i?2 ?QK2@#mBHi M/ +QKK2`+BH b2MbQ`b `2 ;Bp2M BM 6B;m`2
3XkX h?2 rQ`FBM; `M;2 7Q` i?2 ?QK2@#mBHi b2MbQ` Bb ;Bp2M rBi? M mTT2` /2i2+iBQM HBKBi
Q7 R M;fKH M/  HQr2` /2i2+iBQM HBKBi Q7 Ryy 7;fKHX h?2 .`QTa2Mb mTT2` /2i2+iBQM HBKBi
rb 7QmM/ iQ HbQ #2 R M;fKHX h?2 HQr2` /2i2+iBQM HBKBi rb MQi `2+?2/ 7Q` i?Bb b2MbQ`X Ai
rb /m2 iQ i?2 7+i i?i i?2`2 r2`2 QMHv  HBKBi2/ KQmMi Q7 b2MbQ`b pBH#H2 7Q` i2biBM;-
M/ i?2 .`QTa2Mb b2MbQ`b r2`2 mb2/ iQ HbQ BMp2biB;i2 i?2 2z2+i i?2 >2P2 ?/ QM i?2
T2F +m``2MibX
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.`QTa2Mb
6B;m`2 3Xk, aqo T2F `2bTQMb2 7Q` i?2 /Bz2`2Mi b2MbQ`b 7Q` /Bz2`2Mi +QM+2Mi`iBQMb Q7
i?2 H#2HH2/ T`Qi2BM
h?2 `2;`2bbBQM HBM2 7Q` i?2 ?QK2 #mBHi b2MbQ` rb +H+mHi2/ iQ #2
y = −17.7268− 4.4827 log(x), U3X8V
M/ 7Q` i?2 .`QTa2Mb
y = −17.9994− 3.2787 log(x). U3XeV
h?2 `iBQ Q7 i?2 ;`/B2Mib rb +H+mHi2/ iQ #2 yXdjR9 U.`QTa2Mbf>QK2@#mBHiVX h?2 ;`@
/B2Mi Q7 i?2 HBM2b /Bz2`2/ KQ`2 bB;MB}+MiHv i?M i?i Q7 i?2 mMH#2HH2/ `2bTQMb2X h?Bb
K2Mb i?i i?2 `2;`2bbBQM HBM2b /Bp2`;2- M/ i?2 +?M;2 BM +QM+2Mi`iBQM /Q2b MQi ?p2 i?2
bK2 K;MBim/2 +?M;2 BM +m``2Mi 7Q` i?2 /Bz2`2Mi b2MbQ`bX 6Q` 2p2`v R ƒ +?M;2 BM +m`@
`2Mi 7Q` i?2 ?QK2@#mBHi b2MbQ` rQmH/ #2 2[mBpH2Mi iQ yXdjR9 ƒ +?M;2 BM i?2 .`QTa2Mb
`2bTQMb2X h?Bb K2Mb i?i r?2M i?2 T`Qi2BM +QM+2Mi`iBQM Bb +?M;2/- i?2 `2bTQMb2 Q7 i?2
/Bz2`2Mi b2MbQ`b rQmH/ MQi 2[mH BM K;MBim/2X h?2Q`2iB+HHv- i?2 ?B;?2` +m``2Mi +?M;2
K2Mb i?i i?2 bim`iBQM Q7 i?2 b2MbQ` rQmH/ #2 `2+?2/ 2`HB2`X h?Bb mM7Q`imMi2Hv
+QmH/ MQi #2 pHB/i2/X
h?2 _Ja pHm2 7Q` i?2 ?QK2@#mBHi b2MbQ` T2F +m``2Mi `2bTQMb2 rb +H+mHi2/ iQ #2
kXRe ƒX h?2 .`QTa2Mb ?/  _Ja pHm2 Q7 yXej3 ƒX h?Bb K2Mb i?i i?2 p2`;2 `2@
T2i#BHBiv Q7 i?2 .`QTa2Mb rb ?B;?2` i?M i?i Q7 i?2 KMm7+im`2/ b2MbQ`X h?2 +m``2Mi
KTHB}+iBQM 7Q` i?2 Qp2`HTTBM; `2;BQM rb +H+mHi2/ iQ ?p2 M p2`;2 pHm2 Q7 RX3eX
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3XkX8 GBi2`im`2 `2pB2r
h?Bb b2+iBQM /Q2b  +QKT`BbQM iQ i?2 rQ`F 7QmM/ BM HBi2`im`2 iQ pHB/i2 i?2 }MH }M/@
BM;bX h?2 KBM }M/BM;b +M #2 +QKT`2/ iQ 1Bbb 2i HX- w?M; 2i HX M/ 62i?B 2i HX /m2
iQ i?2B` rQ`F QM .`QTa2Mb 2H2+i`Q+?2KB+H b2MbQ`b- i?2 BKKQ#BHBbiBQM i2+?MB[m2 mb2/-
M/ i?2 `2H2pM+v iQ im#2`+mHQbBbX
1Bbb 2i HX 2H2+i`Q;`7i2/ /BxQMBmK bHi iQ  bBKBH` .`QTa2Mb aS1 KQ/B}2/ rBi? MMQ}@
#`2bX h?2 `2bTQMb2 7Q` i?2 2H2+i`Q;`7iBM; 6B;m`2 3Xj
6B;m`2 3Xj, 1H2+i`Q;`7iBM; Q7 /BxQMBmK bHi QM .`QTa2Mb +`#QM MMQ}#`2b (9R)
h?Bb Bb bBKBH` iQ i?2 2H2+i`Q;`7iBM; 2tT2`BK2MiH `2bmHib Q7 i?2 .`QTa2Mb b2MbQ`- b22M BM
6B;m`2 3X9X h?2 b?T2 Q7 i?2 ;`T? Bb MQi M 2t+i `2THB+iBQM #2+mb2 i?2 +m``2Mi rb
Km+? ?B;?2` BM i?2 }M/BM;b Q7 i?Bb bim/vX h?2`2 Bb MQ TT`2Mi `2bQM r?v i?Bb b?QmH/
#2- #2+mb2 i?2 K2i?Q/ rb /QM2 ++Q`/BM; iQ i?2 T`QiQ+QH /2b+`B#2/ #v 1Bbb 2i HX b
b22M #27Q`2- i?2 T2F +m``2Mi 7Q`  +v+HB+ pQHiKKQ;`K Bb bm#D2+i iQ i?2 `2 Q7 i?2
2H2+i`Q/2bX Ai KB;?i #2 i?i i?2 KMm7+im`2` BKT`Qp2/ i?2 MMQ}#`2 +QKTQbBiBQM #v
i?2 iBK2 i?Bb bim/v rb /QM2X 1Bbb 2i HX /Bb MQi bmTTHv Mv BM7Q`KiBQM `2;`/BM; i?2
i2KT2`im`2 i r?B+? i?2 2tT2`BK2Mib r2`2 +QM/m+i2/X
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6B;m`2 3X9, 6Qm` +v+H2 .`QTb2Mb +v+HB+ pQHiKKQ;`K 2H2+i`Q;`7iBM; `2bTQMb2
"Qi? 1Bbb 2i HX M/ 62i?B 2i HX /2p2HQT2/ M mMH#2HH2/ 2H2+i`Q+?2KB+H #BQb2MbQ` mbBM;
.`QTa2Mb b2MbQ`bX 62i?B 2i HX mb2/  ;QH/ b+`22M T`BMi2/ 2H2+i`Q/2 b2MbQ`X "Qi? mb2/
b[m`2 rp2 pQHiKK2i`v b i?2 pQHiKK2i`v i2+?MB[m2X h?2 `2bTQMb2b Q7 i?2 mMH#2HH2/
T`Qi2BM aqo T2Fb `2 ;Bp2M BM 6B;m`2 3X8X
UV 1ah@e T`Qi2BM T2F `2bTQMb2 (9y) U#V aJL T`Qi2BM T2F `2bTQMb2 (9R)
6B;m`2 3X8, lMH#2HH2/ T`Qi2BM aqo T2Fb 7Q` 62i?B 2i HX M/ 1Bbb 2i HX
h?2 rQ`F QM aJL 7QmM/ i?i i?2B` b2MbQ` ?/  HBM2` `M;2 7`QK R ƒ; fKH iQ R T;fKH-
rBi? BM+`2bBM; aqo T2Fb b i?2 T`Qi2BM +QM+2Mi`iBQM BM+`2b2/X h?2 1ah@e rQ`F
7QmM/ i?2B` ;QH/ 2H2+i`Q/2b ?b  HBM2` rQ`FBM; `M;2 #2ir22M 8y ƒ; fKH M/ Ry M;fKH-
rBi? i?2 T2Fb BM+`2bBM; b i?2 T`Qi2BM +QM+2Mi`iBQM /2+`2b2/X h?Bb KB;?i #2 2tTHBM2/
#v i?2 BbQ2H2+i`B+ TQBMi Q7 1ah@e #2BM; 9XeN (3R)X h?Bb K2Mb i?i i?2 T`Qi2BM Bb M2;@
iBp2Hv +?`;2/ BM i?2 `2TQ`i2/ #mz2` T> Q7 dXk- `2T2HHBM; i?2 +?`;2 +``B2`bX aBKBH`Hv
i?2 aJL BbQ2H2+i`B+ TQBMi Bb 3Xy (3k)- r?B+? K2Mb Bi ?/  TQbBiBp2 +?`;2 BM i?2 `2TQ`i2/
#mz2` T> Q7 dX9X h?Bb T`Qp2b i?2 2tTHMiBQM i?i i?2 BMi2`72`QM ;KK mb2/ BM i?Bb
bim/v +i2/ b M ii`+iBQM 7Q` i?2 2H2+i`QHviB+ HB[mB/- b 2tTHBM2/ BM *?Ti2` eX Ai HbQ
pHB/i2b i?2 }M/BM;b r?2`2 i?2 +m``2Mi BM+`2b2b b i?2 T`Qi2BM BM+`2b2bX
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h?2 HBM2` `M;2 Q7 i?2 mMH#2HH2/ b2MbQ` i?i rb /2p2HQT2/ BM i?Bb rQ`F rb 7QmM/
iQ #2 7Q`K R M;fKH iQ R T;fKHX h?2 b2MbQ` ?/  HQr2` /2i2+iBQM HBKBi i?M i?i Q7 62i?B
2i HX- #mi H+F2/ i?2 /vMKB+ `M;2 Q7 i?2 aJL /2i2+iBQM HBKBibX
w?M; 2i HX /2p2HQT2/  /BbTQb#H2 BM/BmK iBM QtB/2 2H2+i`Q+?2KB+H #BQb2MbQ` 7Q` >_S@
MiB#Q/v@+QMDm;i2/ MMQ ;QH/ H#2HH2/ BMi2`72`QM ;KK mbBM; /Bz2`2MiBH TmHb2 pQHiK@
K2i`vX h?Bb rQ`F +QKT`2/ i?2 2z2+i Q7 mbBM; M >_S@H#2HH2/ MiB#Q/v M/ M >_S@
H#2HH2/ MiB#Q/v ;QH/ +QMDm;i2X h?2 `2;`2bbBQM HBM2b Q7 i?2 MQ`KHBb2/ T2F +m``2Mib
`2 ;Bp2M BM 6B;m`2 3Xe
UV >_S +QMDm;i2 +HB#`iBQM +m`p2 U#V .So K2bm`2K2Mib Q7 BMi2`72`QM ;KK
6B;m`2 3Xe, >_S@H#2HH2/ T`Qi2BM .So T2Fb 7Q` w?M; 2i HX
h?2 `2;`2bbBQM HBM2 7Q` i?2 ;QH/ +QMDm;i2 i; rb ;Bp2M iQ #2
y = 32.28− 12.862 log(x), U3XdV
rBi?  HQr2` /2i2+iBQM HBKBi Q7 yXy93 T;fKHX 6Q` i?2 >_S@MiB#Q/v i;
y = −16.991 + 8.6010 log(x), U3X3V
rBi?  HQr2` /2i2+iBQM HBKBi Q7 yXje T;fKHX h?2 +QM+2Mi`iBQMb r2`2 HH ;Bp2M BM T;fKHX
h?2 TT2` bii2/ i?i i?2 b2MbQ` ?/  HBM2` /2i2+iBQM `M;2 Q7 Ryy 7;fKH @ Ry M;fKHX
h?Bb Bb +QKT`#H2 iQ i?i 7QmM/ BM i?Bb rQ`F 7Q` i?2 >_S@H#2HH2/ BMi2`72`QM ;KKX
h?2 .So K2bm`2K2Mib Q7 w?M; 2i HX +M #2 b22M BM 6B;m`2 3Xe#X "2+mb2 Q7 i?2
T`BM+BTH2 .So MHvb2b Bib K2bm`2K2Mib- i?2 T2F `2bTQMb2 Bb Hrvb BM i?2 QTTQbBi2
/B`2+iBQM i?M i?i Q7 aqoX GQQFBM; i i?2 HBM2` `2;`2bbBQM Q7 i?Bb bim/v- Bi +M HbQ
#2 b22M i?i Bi Bb BM i?2 QTTQbBi2 /B`2+iBQM b 7QmM/ #v i?2 2tT2`BK2MiH `2bmHib BM i?Bb
i?2bBbX h?Bb bm#biMiBi2b i?2 `2bTQMb2 r?2`2 i?2 T2F +m``2Mi Q7 i?2 aqo BM+`2b2b b
i?2 +QM+2Mi`iBQM Q7 i?2 H#2H /2+`2b2b /m2 iQ  /2+`2b2 BM T`Qi2BM +QM+2Mi`iBQMX
b  }MH MQi2- i?2 HBi2`im`2 QMHv T`QpB/2b i?2 HBM2` `2bTQMb2 Q7 i?2 b2MbQ`bX h?Bb
KB;?i #2 /m2 iQ i?2 bim`iBQM 2z2+ib 7QmM/ BM rBi? HH Q7 i?2 b2MbQ`b r?2`2 BMbi2/ Q7 i?2
mbmH H2p2HHBM; i bim`iBQM- i?2 `2bTQMb2 +?M;2b /B`2+iBQM M/ Kv 2p2M b22K 2``iB+X
h?2 +QM+HmbBQM /`rM 7`QK i?Bb Bb i?i i?2 b2H2+iBQM Q7 i?2 HBM2` `M;2 rb HbQ /QM2 #v
HBi2`im`2X h?2 2z2+i +mbBM; i?Bb Bb mMFMQrM- bBM+2 i?2 HBi2`im`2 +QKTH2i2Hv B;MQ`2b BiX
Ai KB;?i #2 iQ //BiBQMH /bQ`TiBQM- Q` ?BM/`M+2 /m2 iQ M 2t+2bb Q7 KQH2+mH2bX h?2
`2bmHib +Q``2bTQM/ r2HH rBi? r?i ?/ #22M T`2b2Mi2/ BM HBi2`im`2X
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3Xj H;Q`Bi?K `2pB2r
h?2 H;Q`Bi?K mb2/ iQ MHvb2 i?2 /i T2`7Q`K2/ b 2tT2+i2/X Ai BKT`Qp2/ i?2 iBK2
Bi iQQF iQ MHvb2 i?2 /i M/ 2Mbm`2/ i?i i?2 /i rb MQi KMBTmHi2/ iQ }i 
/2bB`2/ Qmi+QK2X Ai /Q2b- ?Qr2p2`- `2[mB`2  KQ`2 /vMKB+ M/ mb2` 7`B2M/Hv K2i?Q/ Q7
BMi2`+iBQM rBi? i?2 mb2`X *m``2MiHv QMHv i?2 /2p2HQT2` FMQrb ?Qr iQ BKTH2K2Mi i?2 +Q/2
M/ B7 i?Bb FMQrH2/;2 r2`2 iQ #2 i`Mb72``2/ iQ  bm#b2[m2Mi T`QD2+i- KQ`2 `2}M2K2Mi
rQmH/ #2 `2[mB`2/X LQM2 i?2 H2bb- i?2 K2i?Q/ Q7 MQ`KHBbiBQM 2Mbm`2/ i?2 bm++2bb Q7 i?Bb
T`QD2+iX
3X9 S`QD2+i Q#D2+iBp2b
h?2 T`QD2+i bm++2bb7mHHv K2i #Qi? i?2 T`BK`v M/ b2+QM/`v Q#D2+iBp2b- MK2Hv,
S`BK`v Q#D2+iBp2, AMp2biB;i2 i?2 TQbbB#BHBiv Q7 i?2 /2i2+iBQM Q7 BMi2`72`QM ;KK
M/ /2p2HQT  T`QiQ+QH 7Q` i?Bb K2i?Q/X
 +QKK2`+BH b2MbQ` rb mb2/ iQ bm++2bb7mHHv /2p2HQT  T`QiQ+QH 7Q` i?2 /2i2+iBQM Q7
p`vBM; +QM+2Mi`iBQMb Q7 BMi2`72`QM ;KKX .Bz2`2Mi b2MbBM; i2+?MB[m2b r2`2 +QKT`2/
M/ irQ r2`2 7QmM/ iQ #2 pB#H2 7Q` i?2 /2i2+iBQM Q7 i?2 T`Qi2BMX h?2 T`BK`v Q#D2+iBp2
rb i?2M 2tTM/2/ M/ TTHB2/ QM ?QK2@#mBHi b2MbQ`bX
a2+QM/`v Q#D2+iBp2, "mBH/  ?QK2@#b2/ b2MbQ` iQ Ki+? Q` BKT`Qp2 QM i?2 }M/@
BM;b Q7 i?2 +QKK2`+BH b2MbQ`X h?2 Ki2`BHb M/ 7#`B+iBQM K2i?Q/b b?QmH/ #2 F2Ti b
bBKTH2 M/ bi`B;?i7Q`r`/ b TQbbB#H2X
h?2 b2+QM/`v Q#D2+iBp2 rb HbQ K2i #v 7#`B+iBM; M/ i2biBM;  ?QK2@#mBHi b2MbQ`X
h?2 b2MbQ` `2bTQMb2 rb +QKT`#H2 rBi? i?2 +QKK2`+BH b2MbQ` `2bTQMb2 i  7`+iBQM Q7
i?2 T`B+2X h?2 +QKTQM2Mib mb2/ r2`2 KMm7+im`2/ BM@?Qmb2X HH Q7 i?2 Ki2`BHb mb2/
r2`2 +QKK2`+BHHv pBH#H2 M/ r2`2 KQ/B}2/ BM@?Qmb2 iQ 7mH}H i?2 /2bB`2/ Tm`TQb2X 
bmKK`v Q7 i?2 T`QD2+i2/ +Qbi +M #2 7QmM/ BM TT2M/Bt *X Ai rb T`QD2+i2/ i?i i?2
iQiH +Qbi Q7  bBM;H2 b2MbQ` rb _R9Xd8X h?2 .`QTa2Mb b2MbQ`b r2`2 Tm`+?b2/ i _RyyXyy
T2` b2MbQ`- i?mb i?Bb Bb  bB;MB}+Mi BKT`Qp2K2Mi BM `2;`/b iQ i?2 +QbiX
3X8 SQbi@?Q+ MHvbBb
h?Bb T`QD2+i rb p2`v bm++2bb7mH BM 2pHmiBM; i?2 2H2+i`Q+?2KBbi`v Q7 i?2 #BQb2MbQ`X h?2`2
2tBbib  M22/ 7Q`  T`QT2` +QKT`BbQM Q7 i?2 `M;2 Q7 /2i2+iBQM Q7 i?2 .`QTa2Mb b2MbQ`bX
h?2 2z2+ib Q7 HH Q7 i?2 T`K2i2`b Q7 i?2 b[m`2 rp2 pQHiKK2i`v i2+?MB[m2 ?b iQ #2
i2bi2/ BM BbQHiBQMX h?Bb rQmH/ ?2HT BMi2`T`2i i?2 T2F `2bTQMb2b r?2M i?2 +QM/BiBQMb Q7
i?2 2H2+i`QHviB+ HB[mB/ Bb MQi r2HH FMQrMX
h?2 `M;2 Q7 i?2 b2MbQ`b r2`2 bm++2bb7mHHv 2pHmi2/- #mi bKHH2` p`BiBQMb BM i?2 +QM@
+2Mi`iBQM +?M;2 Q7 i?2 BMi2`72`QM ;KK ?b iQ #2 /QM2 iQ 7mHHv mM/2`biM/ i?2 Mim`2
Q7 i?2 `2bTQMb2X h?Bb bim/v ?/  HBKBi2/ bmTTHv Q7 i?2 T`Qi2BM M/ i?2 +QKK2`+BH b2M@
bQ`X A7 i?Bb 2z2+i rb iQ #2 bim/B2/ i?2M  H`;2` bmTTHv Q7 i?2 Ki2`BHb rQmH/ #2 `2[mB`2/X
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h?Bb bim/v /B/ MQi iF2 BMiQ ++QmMi i?2 2z2+i Q7 i?2 `QQK i2KT2`im`2 r?2M i?2 2tT2`@
BK2Mib r2`2 +QM/m+i2/X h2KT2`im`2 THvb  H`;2 `QH2 BM 2H2+i`Q+?2KB+H bvbi2Kb M/
+MMQi #2 M2;H2+i2/ r?2M HQQFBM; i bQK2i?BM; b b2MbBiBp2 b #BQb2MbBM;X
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h?Bb +?Ti2` +QM+Hm/2b i?2 i?2 T`QD2+i rBi?  bmKK`v M/ i?2 }MH +QM+HmbBQMX
h?2 T`QD2+i BKTHB+iBQMb `2 /Bb+mbb2/- 7QHHQr2/ #v  b?Q`i `2pB2r Q7 i?2 HBKBiiBQMb
Q7 i?2 `2bmHibX h?2 TQbbB#BHBiv M/ QTTQ`imMBiB2b 7Q` 7mim`2 rQ`F `2 /2b+`B#2/ i
i?2 2M/ Q7 i?2 +?Ti2`X
NXR h?2bBb bmKK`v
h?Bb i?2bBb b2i Qmi iQ MHvb2 i?2 TQbbB#BHBiv Q7 /2p2HQTBM;  #BQb2MbQ` iQ B/ BM i?2 /B;@
MQbiB+ FMQrH2/;2 Q7 im#2`+mHQbBbX Ai rb /2+B/2/ i?i i?2 Tm`TQb2 Q7 i?2 #BQb2MbQ` rQmH/
#2 iQ ii2KTi iQ /2i2`KBM2 i?2 +QM+2Mi`iBQM Q7 i?2 +viQFBM2- BMi2`72`QM ;KKX
h?2 T`BK`v Q#D2+iBp2 Q7 i?2 T`QD2+i rb iQ MHvb2 i?2 #BQ+?2KBbi`v `2[mB`2/ iQ #2 #H2 iQ
/2i2`KBM2 /Bz2`2Mi +QM+2Mi`iBQMb Q7 BMi2`72`QM ;KKX h?2 b2+QM/`v- M/ bm#b2[m2Mi
Q#D2+iBp2 rb iQ ii2KTi iQ /2p2HQT  #BQb2MbQ` BM@?Qmb2 iQ /2i2`KBM2 i?2 +QM+2Mi`iBQM
Q7 BMi2`72`QM ;KK BM  #mz2`X
h?2 }`bi Q#D2+iBp2 rb 7mH}HH2/ #v mbBM;  +QKK2`+BH 2H2+i`Q+?2KB+H b2MbQ` M/ M
2H2+i`QHviB+ HB[mB/ iQ /2i2`KBM2 i?2 +QM+2Mi`iBQM Q7 i?2 T`Qi2BMX h?Bb rb /QM2 #v KQ/@
B7vBM; i?2 bm`7+2 +?`+i2`BbiB+b Q7 i?2 b2MbQ` rBi? i?2 T`2b2M+2 Q7 i?2 T`Qi2BM iQ z2+i
i?2 +m``2Mi `2bTQMb2 Q7 i?2 2H2+i`Q+?2KB+H bvbi2KX h?`22 /Bz2`2Mi ivT2b Q7 +?M;2b r2`2
i2bi2/, mbBM;  H#2H 7`22 T`Qi2BM iQ #BM/ iQ M MiB#Q/v QM i?2 bm`7+2- //BM;  H#2H iQ
i?2 #QmM/ T`Qi2BM iQ +?M;2 i?2 `2bTQMb2 7m`i?2`- M/ HbiHv +?M;BM; i?2 T`QT2`iB2b Q7
i?2 2H2+i`QHviB+ HB[mB/ #v //BM; ?v/`Q;2M T2`QtB/2X
P7 i?2 i?`22 K2i?Q/b- i?2 7Q`K2` irQ rQ`F2/ iQ bm+? M 2ti2Mi i?i i?2v r2`2 #Qi?
mb2/ BM i?2 /2p2HQTK2Mi Q7 i?2 ?QK2@#mBHi b2MbQ`X h?2 ?QK2@#mBHi b2MbQ` i?i rb /2@
p2HQT2/ ?/ i?2 bK2 T`QT2`iB2b b i?2 +QKK2`+BH b2MbQ`X h?Bb rb +?Qb2M bQ i?i i?2
`2bTQMb2b Q7 i?2 irQ +QmH/ #2 +QKT`2/ iQ  +2`iBM bm`2ivX
h?2 ?QK2@#mBHi b2MbQ` rb KMm7+im`2/ 7`QK Qz@i?2@b?2H7 +QKK2`+BH T`Q/m+ibX h?2
rQ`FBM; `M;2 Q7 i?2 }MH mMH#2HH2/ b2MbQ` rb 7QmM/ iQ #2 R M;fKH iQ R T;fKH Q7 i?2
T`Qi2BMX h?2 H#2HH2/ K2i?Q/ ?/  rQ`FBM; `M;2 Q7 R M;fKH iQ Ryy 7;fKHX h?2b2 `2@
bmHib r2`2 }MHHv +QKT`2/ iQ HBi2`im`2 M/ Bi rb 7QmM/ i?i #Qi? K2i?Q/b Ki+?2/ Q`
QmiT2`7Q`K2/ 2tBbiBM; rQ`FX
Ry8
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NXk 6BMH +QM+HmbBQMb
h?Bb T`QD2+i rb bm++2bb7mH BM i`mHv /2p2HQTBM;  HQr +Qbi 2H2+i`Q+?2KB+H #BQb2MbQ` 7`QK
+QKK2`+BHHv pBH#H2 Ki2`BHbX h?2 T`Q/m+iBQM Q7 i?2 b2MbQ`b r2`2 `2T2i#H2 M/
2z2+iBp2X h?2 b2MbQ`b ?/  HBM2` rQ`FBM; `M;2 +QKT`#H2 rBi? HBi2`im`2 i?i mb2/
+QKK2`+BH b2MbQ`bX Ai ;Q2b rBi?Qmi bvBM;- #mi i?2 `2bmHib BM i?Bb T`QD2+i HQQF 2ti`2K2Hv
T`QKBbBM;- M/ rBi? KQ`2 QTiBKBbiBQM i?2 `2bTQMb2 +m`p2b +M #2 BKT`Qp2/X Ai rb
i?2 }`bi iBK2- FMQrM iQ i?2 mi?Q`- i?i  #BQb2MbQ` rb /2p2HQT2/ rBi? i?Bb ?`/r`2
K2i?Q/QHQ;v BM +QK#BMiBQM rBi? i?2 b2MbBM; K2+?MBbKX
NXj S`QD2+i BKTHB+iBQMb
h?Bb T`QD2+i Bb i?2 }`bi bi2T iQr`/b M 2H2+i`Q+?2KB+H K2i?Q/ iQ /B;MQb2 im#2`+mHQbBbX
>mKM HBp2b #2+QK2 T`i Q7 biiBbiB+b BM 2TB/2KB+b bm+? b rBi? h"X AM i?2 rQ`H/ Q7 iQ/v
r?2`2 i?2 K2Mb 2tBbib iQ `B/ T2QTH2 Q7 mMM2+2bb`v bmz2`BM; Bi Bb Qm` /miv iQ +i QM BiX
NX9 GBKBiiBQMb Q7 `2bmHib
h?2 mb2 Q7 i?2 /2p2HQT2/ #BQb2MbQ` Bb +m``2MiHv HBKBi2/ iQ  H#Q`iQ`v 2MpB`QMK2MiX h?2
TQi2MiBQbii Bb  H`;2 /2pB+2 i?i `2[mB`2b  bi#H2 TQr2` bmTTHv iQ QT2`i2X h?Bb bT2+i
HBKBib i?2 mb2 Q7 i?2 b2MbQ` bB;MB}+MiHvX
h?2 +m``2Mi mb2 Q7 i?2 b2MbQ` b  #BQb2MbQ` Bb HBKBi2/ iQ T`Qi2BMb BM  #mz2`X h?2
2z2+i Q7 r?QH2 #HQQ/ i2bib Bb biBHH  HQM; rv /QrM i?2 HBM2 /m2 iQ i?2 +QKTH2tBiv Q7 i?2
BMi2`+iBQM Q7 #HQQ/ rBi? #BQHQ;B+H Kii2`X
h?2 B/2H /2i2+iBQM K2i?Q/ rQmH/ #2 iQ #2 #H2 iQ /2i2+i i?2 T`Qi2BM Dmbi b Bi Bb- rBi?Qmi
i?2 mb2 Q7  H#2HX *m``2MiHv- H#2Hb `2 mb2/ BM KMv MiB;2M@#b2/ bbvbX h?Bb ?Qr2p2`
Bb MQi B/2HX h?2 `M;2 Q7 i?2 b2MbQ` rb KQ`2 HBKBi2/ rBi?Qmi i?2 mb2 Q7  H#2H KQH2+mH2X
NX8 6mim`2 `2b2`+?
6mim`2 rQ`F rQmH/ BM+Hm/2 i?2 /2p2HQTK2Mi Q7  TQi2MiBQbii i?i bmBib i?2 `2[mB`2K2Mib
Q7 i?2 2H2+i`Q+?2KB+H +2HHX h?2`2 2tBbib KMv /Bz2`2Mi ivT2b Q7 TQi2MiBQbiib BM HBi2`@
im`2- #mi HH ?p2  HBKBiiBQM Q7 bQK2 bQ`iX h?2 }`bi bi2T BM i?2 /2p2HQTK2Mi Q7 bm+?
 bvbi2K rQmH/ #2 iQ +QKTH2i2Hv mM/2`biM/ i?2 2H2+i`Q+?2KB+H `2+iBQM i?i rQmH/ #2
KQMBiQ`2/X A7 i?2 /2pB+2 rb /2p2HQT2/ b +?2T b TQbbB#H2- i?2M Bi rQmH/ #2 rBb2 iQ
QTiBKBb2 Bi 7Q`  bBM;H2 ivT2 Q7 2tT2`BK2Mi rBi? /Bz2`2Mi T`K2i2`bX
h?2 b2+QM/ bT2+i i?i `2[mB`2b  TH2Miv Q7 ii2MiBQM Bb i?2 MQ`KHBbBM; H;Q`Bi?KX A7
i?2 b2MbQ` bvbi2K r2`2 2p2` BMi2M/2/ iQ #2 mb2/ QmibB/2  H#Q`iQ`v 2MpB`QMK2Mi- i?2M
i?2 H;Q`Bi?K i?i Bb mb2/ iQ MHvb2 i?2 /i M22/b iQ #2 b `Q#mbi b TQbbB#H2 bQ i?i Bi
+M BMi2`T`2i i?2 /i M/ /Ti iQ i?2 2MpB`QMK2MiH +QM/BiBQMb rBi?Qmi Mv T`2b2iiBM;
Q` TQbi@T`Q+2bbBM; `2[mB`2/ 7`QK i?2 mb2`X
h?2 K2i?Q/ Q7 TTHB+iBQM Q7 i?2 #mz2` M/ 2H2+i`QHviB+ HB[mB/ +M #2 QTiBKBb2/X 
i`Mb/m+2` HBF2 i?Bb Bb MQi HBKBi2/ iQ i?2 +m``2Mi /2bB;M Q7 HB[mB/ TBT2iiBM;X h?Bb +M #2
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QTiBKBb2/ rBi? KB+`Q~mB/B+ +?MM2Hb Q` Hi2`H ~Qr TT2`X h?2 #BQ`2+Q;MBiBQM 2H2K2Mi
+M HbQ #2 +?M;2/ iQ i2bi i?2 `2bTQMb2 Q7 /Bz2`2Mi T`Qi2BMb M/ .LX
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TT2M/Bt 
Gb2` +HB#`iBQM
h?2 Hb2` mb2/ iQ 7#`B+i2 i?2 /Bz2`2Mi +QKTQM2Mib Bb  9yq ha9y9y CO2 Hb2` bvbi2K
T`Q/m+2/ #v CBMM h`MbQM *L* 1[mBTK2Mi- *?BMX h?2 Hb2` rb +HB#`i2/ BM irQ
bi2Tb, #2K Q`B2MiiBQM- M/ #2K 7Q+mbX h?2 Hb2` +miiBM; K+?BM2 Bb b?QrM BM 6B;m`2
XRX
6B;m`2 XR, 9yq ha9y9y CO2 Hb2` bvbi2K
h?2 i2+?MB+H bT2+B}+iBQMb 7Q` i?2 Hb2` bvbi2K Bb ;Bp2M BM h#H2 XRX
Ry3
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h#H2 XR, h2+?MB+H bT2+B}+iBQMb 7Q` i?2 ha9y9y Hb2` +miiBM; bvbi2K
ha9y9y h2+?MB+H aT2+B}+iBQMb S`K2i2`
aTQi /BK2i2` yXj@yX8 KK
amTTHB2/ TQr2` `iBM; 9y q
JtBKmK +miiBM; bT22/ jyy KKfb
SQr2` /BbbBTiBQM R9RX9d @ 8yXNk qfKK2
qQ`FBM; `2 9yyt9yy KK
*QMi`QH bvbi2K PM@#Q`/ .aS
:`T?B+ BMTmi "JS- SGh- .ah- .s6- A
6B;m`2 Xk b?Qrb  H#2HH2/ ;`T?B+H `2T`2b2MiiBQM Q7 i?2 Hb2` #2K b2imTX
6B;m`2 Xk, hQT pB2r Q7 Hb2` bvbi2K
hQ +HB#`i2 i?2 #2K Q`B2MiiBQM- i?2 KB``Q` bvbi2K rb HB;M2/X h?Bb rb /QM2 ++Q`/BM;
iQ i?2 T`Q+2bb b?QrM BM 6B;m`2 XjX h?2 }`bi KB``Q` rb HB;M2/- +B`+H2/ BM 6B;m`2 Xj-
`2HiBp2 iQ i?2 M2ti KB``Q`- +B`+H2/ BM 6B;m`2 Xj#X h?Bb rb /QM2 KMmHHv #v TH+BM;
/?2bBp2 iT2 Qp2` i?2 b2+QM/ KB``Q` M/ KQpBM; i?2 }`bi KB``Q` r?BH2 TmHbBM; i?2 Hb2`
#2KX JB``Q` k rb i?2M KQp2/ #2ir22M TQbBiBQM " M/ *- ;BM r?BH2 TmHbBM; i?2
Hb2`X A7 QMHv  bBM;H2 ?QH2 TT2`2/ BM i?2 /?2bBp2 iT2- i?2 }`bi KB``Q` rb bm++2bb7mHHv
HB;M2/X h?Bb T`Q+2bb rb `2T2i2/ 7Q` i?2 i?B`/ KB``Q`- #mi Bi rb KQp2/ #2ir22M TQbBiBQM
. M/ 1X h?2 i?B`/ KB``Q` Bb KQmMi2/ iQ /B`2+i i?2 #2K iQr`/b i?2 ;`B/ i?`Qm;? i?2
+QHHBKiQ`X
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UV JB``Q` R HB;MK2Mi U#V JB``Q` k HB;MK2Mi
U+V HB;M2/ bvbi2K
6B;m`2 Xj, HB;MK2Mi Q7 Hb2` KB``Q` bvbi2K
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TT2M/Bt "
:K`v AMi2`7+2 Ryyy bT2+B}+iBQM
b?22i
h?Bb TT2M/Bt +QMiBMb i?2 bT2+B}+iBQM b?22i Q7 i?2 TQi2MiBQbii mb2/ BM i?2 2tT2`BK2Mib
Q7 i?2 T`QD2+iX
RRR
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734 Louis Drive  |  Warminster, PA 18974 USA  |  +215-682-9330  |  Fax: +215-682-9331  |  sales@gamry.com  |  www.gamry.com
Gamry Instruments provides you with the complete 
solution to get the answers you need.  We carefully 
consider every detail of system design.  Everything from 
board layout, component selection, signal processing, 
SPECIFICATIONS
THE GAMRY DIFFERENCE
and all the way down to the tip of our smart cell cables, 
is designed to deliver maximum performance.  Our 
software is intuitive and easy to use yet powerful enough 
underneath to allow you to customize experiments 
and interfaces to suit your needs. This combination of 
features and capabilities give you the maximum amount 
of performance at incredible value.  
Interface 1000T Interface 1000B Interface 1000A Interface 1000E
Cell Connections 2, 3, 4
YesFloating
System
Maximum Current ± 100 mA ±1 A
Current Ranges 6 9
Current Ranges (with Gain) 8 11
Minimum Current Resolution 0.3 pA 3.3 fA
Minimum Voltage Resolution 1 +V
Maximum Applied Potential ± 5 V ± 12 V
Rise Time 1 +s
<20 +V rmsNoise and Ripple
Minimum Timebase 1 ms 10 +s
Maximum Timebase 750 s
12.5 +VMinimum Potential Step
EIS Measurement
Frequency Range 100 mHz - 10 kHz – – 10 +Hz - 1 MHz
Impedance Accuracy 99% – – See Accuracy Contour Plot
Maximum AC Amplitude 2.33 V rms – – 2.33 V rms
Minimum AC Amplitude 17.8 +V rms – – 17.8 +V rms
Control Ampliﬁer
± 20 V
> ± 1 A
3
980, 260, 40, 4, 0.4 kHz
> 1012 1
< 20 pA
> 15 MHz
> 80 dB (10 kHz), > 60 dB (1 MHz)
± 1 +V ± 0.2% of setting
12.5 +V, 50 +V, 200 +V/bit
± 0.4 V, ± 1.6 V , ± 6.4 V
± 1 +V ± 0.3% of setting
400 +V, 100 +V, 10 +V, 1 +V/bit
 
± 5 pA ± 0.3% of setting
0.0033% full-scale/bit
 
± 5 pA ± 0.3% of setting
0.0033% full-scale/bit
> 10 MHz (100 mA - 100 +A ranges)
> 1.5 MHz (10 +A range)
> 150 kHz (1 +A range)
3
Current Interrupt
33 +s
715 s
2 kg
24 x 6 x 27 cm (W x H x D)
60 cm (std); 1.5 m, 3 m, 10 m
Compliance Voltage
Output Current
Speed settings
Unity Gain Bandwidth (typical)
Electrometer
Input impedance
Input current
Bandwidth (-3 dB) (typical)
Common Mode Rejection Ratio
Applied Potential
Accuracy
Resolution
Potential Scan Range
Measured Potential
Accuracy
Resolution
Applied Current
Accuracy
Resolution
Measured Current
Accuracy
Resolution
Bandwidth (current range dependent)
Stability Settings
iR Compensation
Mode
Minimum Interrupt Time
Maximum Interrupt Time
Physical Dimensions
Weight 
Size
Cable
SS1L.As "X :J_u ALh1_6*1 Ryyy S1*A6A*hAPL a>11h RRk
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TT2M/Bt *
*Qbi MHvbBb
*QKTQM2Mi *Qbi U_V S2` b2MbQ` U_V _272`2M+2
S2`bT2t jyy 9Xky "mBH/2`b
6B#`2b kkkN-ed RX38 Sv`Q;`7
>v/`QT?Q#B+ bT`v k98 8 "mBH/2`b
aBHp2` e UT2` ;`KV RXky C2r2HH2`v /2TiX
"H2+? Ry yX8 *?2+F2`b
"B+v+H2 iv`2 d8 k "Jh ai2HH2M#Qb+?
hQiH R9Xd8
h#H2 *XR, S`QD2+i2/ +Qbi Q7 KMm7+im`BM;  bBM;H2 b2MbQ`
RRj
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(R) q>P- :HQ#H hm#2`+mHQbBb _2TQ`iX :2M2p- kyR3- Bb#M, Nd3Nk9R8e8e9eX
(k) aX *HBMB+H 2i HX- ǳhm#2`+mHQbBb BM SiB2Mib AM72+i2/ rBi? >mKM AKKmMQ/2}+B2M+v
oB`mb, S2`bT2+iBp2 QM i?2 Sbi .2+/2Ǵ- Pt7Q`/ DQm`MH- pQHX kk- MQX 9- TTX e3jĜdy9-
kyR3X
(j) X q2Hi2 2i HX- ǳhm#2`+mHQbBb , r2HH FMQrM 7Q` +2Mim`B2b Ĝ biBHH /B{+mHi iQ /B;MQb2Ǵ-
MQX J`+?- kyR3X
(9) q>P- :HQ#H hm#2`+mHQbBb _2TQ`iX kyRd- Bb#M, Nd3Nk9R8e8y8NX
(8) SX LB/QQ 2i HX- ǳh?2 aQmi? 7`B+M hm#2`+mHQbBb *`2 *b+/2, 1biBKi2/ GQbb2b
M/ J2i?Q/QHQ;B+H *?HH2M;2bǴ- CQm`MH Q7 AM72+iBQmb .Bb2b2b- pQHX kRe- MQX LQp2K@
#2`- adykĜadRj- kyRd- BbbM, R8jdeeRjX /QB, RyXRyNjfBM7/BbfDBtjj8X
(e) lL- ǳh?2 ambiBM#H2 .2p2HQTK2Mi :QHb _2TQ`i kyReǴ- lMBi2/ LiBQMb- pQHX kyRe-
TTX RĜ8e- kyRe- BbbM, k8R3@jN83X /QB, RyXR3j8efj9y8/yN7@2MX
(d) aL*- ǳG2i Qm` +iBQMb +QmMiǴ- kyRdX
(3) qQ`H/ >2Hi? P`;MBxiBQM- ǳ>B;?@T`BQ`Biv i`;2i T`Q/m+i T`Q}H2b 7Q` M2r im#2`+m@
HQbBb /B;MQbiB+b, `2TQ`i Q7  +QMb2Mbmb K22iBM;Ǵ- q>P J22iBM; _2TQ`i- MQX T`BH-
TTX RĜN3- kyR9X /QB, q>Pf>hJfh"fkyR9XR3X
(N) .X .X *?THBM- ǳPp2`pB2r Q7 i?2 ?mKM BKKmM2 `2bTQMb2Ǵ- CQm`MH Q7 HH2`;v M/
*HBMB+H AKKmMQHQ;v- pQHX RRd- MQX k alSSGX k- TTX 9jyĜ9j8- kyye- BbbM, yyNRed9NX
/QB, RyXRyRefDXD+BXkyy8XyNXyj9X
(Ry) .X *?THBM- ǳPp2`pB2r Q7 i?2 BKKmM2 `2bTQMb2Ǵ- CQm`MH Q7 HH2`;v M/ *HBMB+H
AKKmMQHQ;v- pQHX RRR- MQX k- a99kĜa98N- kyyj- BbbM, yyNRed9NX /QB, RyXRyedfKBX
kyyjXRk8X `sBp, LA>JaR8yyyjX
(RR) JX _m?rH/ M/ SX _pM- ǳ"BQK`F2`b Q7 Hi2Mi i# BM72+iBQMǴ- 1tT2`i _2pB2r Q7
_2bTB`iQ`v J2/B+BM2- pQHX j- MQX 9- TTX j3dĜ9yR- kyyNX /QB, RyXR83ef2`bXyNXjRX
2T`BMi, ?iiTb,ff/QBXQ`;fRyXR83ef2`bXyNXjRX
(Rk) hX _X 6`B2/2M 2i HX- ǳhm#2`+mHQbBbǴ- h>1 GL*1h- pQHX jek- TTX 33dĜ3NN- kyyjX
(Rj) EX amH2BKM- hm#2`+mHQbBb .B;MQbiB+ hQQHb- GX 1`B+- 1/X- 62#`m`vX L2r uQ`F,
h`2iK2Mi +iBQM :`QmT- kyRdX
(R9) JM/2HH- .Qm;Hb- M/ "2MM2iiǶb T`BM+BTH2b M/ T`+iB+2 Q7 BM72+iBQmb /Bb2b2b- 2M;-
3i? 2/X kyR8X
(R8) _X aBM;?H M/ oX SX JvM22/m- ǳJB+`Qb+QTv b  /B;MQbiB+ iQQH BM TmHKQM`v
im#2`+mHQbBbǴ- AMi2`MiBQMH CQm`MH Q7 Jv+Q#+i2`BQHQ;v- pQHX 9- MQX R- TTX RĜe-
kyR8- BbbM, kkRk@88jRX /QB, RyXRyRefDXBDKv+QXkyR9XRkXyyeX
(Re) 1m`QT2M *2Mi`2 7Q` .Bb2b2 S`2p2MiBQM M/ *QMi`QH- >M/#QQF QM h" H#Q`iQ`v
/B;MQbiB+ K2i?Q/b BM i?2 1m`QT2M lMBQMX aiQ+F?QHK- kyRe- Bb#M, Nd3NkNRNjdjN9X
RR9
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(Rd) q>P- ǳaK2@/v /B;MQbBb Q7 im#2`+mHQbBb #v KB+`Qb+QTv SQHB+v bii2K2MiǴ- kyRRX
(R3) JX 6Bix@:2`H/- aTmimK JB+`Qb+QTv h?2 ?M/#QQFX a Si?QHQ;v- kyRj- Bb#M, Nd3Rd9k9jeykNX
(RN) 6X JB`xv2p 2i HX- sT2`i Jh" f _A6 BKTH2K2MiiBQMX :Sa Sm#HBb?BM;- kyR9X
(ky) LX *X 7Q` "BQi2+?MQHQ;v AM7Q`KiBQM- *B/48j3Rkke- kyR3X
(kR) EX JX EBH7QBH- ǳh?2 2pHmiBQM Q7 i?2 sT2`i ȉ Jh" f _A6 BM i?2 /B;MQbBb Q7 Jv@
+Q#+i2`BmK im#2`+mHQbBb +QKTH2t M/ /2i2+iBQM Q7 `B7KTB+BM `2bBbiM+2 BM 2ti`TmH@
KQM`v U TH2m`H M/ b+BiB+ V ~mB/ bKTH2b `2+2Bp2/ 7Q` `QmiBM2 BKKmMQT?2MQivTB+
MHvbBb BM  ?B;?@#m`/2M im#2`+mHQbBb b2iiBM; XǴ- kyR8X
(kk) JX .X JX .`v/2M M/ X _X q?22H2`- ǳ.aii ,  o2`biBH2 - PT2M@aQm`+2 SQi2MiBQ@
bii 7Q` 1H2+i`QMHvbBb M/ AMi2;`iBQMǴ- TTX RĜRd- kyR8X /QB, RyXRjdRfDQm`MHX
TQM2XyR9yj9NX
(kj) >X aX q?BirQ`i? 2i HX- ǳA:_b Ĝ h?2 ;i2rv iQ h +2HH #b2/ h" /B;MQbBbǴ-
J2i?Q/b- pQHX eR- MQX R- TTX 8kĜek- kyRj- BbbM, Ry9e@kykjX /QB, RyXRyRefDXvK2i?X
kyRkXRkXyRkX
(k9) q>P- ǳGi2`H 6HQr l`BM2 GBTQ`#BMQKMMM bbvǴ- MQX P+iQ#2`- kyReX
(k8) aX *?F`pQ`iv 2i HX- ǳ.2i2+iBQM Q7 Jv+Q#+i2`BmK im#2`+mHQbBb M/ _2bBbiM+2 iQ
_B7KTBM BM M bbv amBi#H2 7Q` SQBMi@Q7@*`2 h2biBM;Ǵ- TTX RĜRk- kyRdX
(ke) aX oX EBF 2i HX- ǳhm#2`+mHQbBb /B;MQbiB+b , r?B+? i`;2i T`Q/m+i T`Q}H2b b?QmH/
#2 T`BQ`BiBb2/\Ǵ- 1m`QT2M _2bTB`iQ`v CQm`MH- TTX 8jdĜ89y- kyR9X /QB, RyXRR3jf
yNyjRNjeXyyyye9R9X
(kd) EX _X _Q;2`b- ǳS`BM+BTH2b Q7 {MBiv@"b2/ "BQb2MbQ`bǴ- JQH2+mH` "BQi2+?MQHQ;v-
pQHX R9- MQX k- TTX RyNĜRjy- kyyy- BbbM, Rydj@ey38X /QB, RyXRj38fJ",R9,k,RyNX
(k3) aX JH?Qi` 2i HX- ǳ"BQb2MbQ`b, S`BM+BTH2- hvT2b M/ TTHB+iBQMbǴ- MQX k- TTX jejNĜ
je99- kyRdX
(kN) .X :`B2b?#2` 2i HX- ǳ1H2+i`Q+?2KB+H "BQb2MbQ`b @ a2MbQ` S`BM+BTH2b M/ `+?Bi2+@
im`2bǴ- a2MbQ`b- pQHX 3- MQX Rk- TTX R9yyĜR983- kyy3- BbbM, R9k9@3kkyX /QB, RyXjjNyf
b3yjR9yyyX `sBp, RyRRXReeNX
(jy) EX J?iQ 2i HX- ǳa?B7iBM; T`/B;K Q7 +M+2` /B;MQb2b BM +HBMB+HHv `2H2pMi
bKTH2b #b2/ QM KBMBim`Bx2/ 2H2+i`Q+?2KB+H MMQ#BQb2MbQ`b M/ KB+`Q~mB/B+ /2@
pB+2bǴ- "BQb2MbQ`b M/ "BQ2H2+i`QMB+b- pQHX Ryy- MQX CmHv kyRd- TTX 9RRĜ9k3- kyR3-
BbbM, R3dj9kj8X /QB, RyXRyRefDX#BQbXkyRdXyNXyyjX
(jR) LX S`#?F` M/ >X h?Fm`- ǳ1H2+i`Q+?2KB+H #BQb2MbQ`b, 6#`B+iBQM M/ TTHB@
+iBQMb BM #BQ/B;MQbiB+bǴ- LMQ#BQb2MbQ`b 7Q` S2`bQMHBx2/ M/ PMbBi2 "BQK2/B+H
.B;MQbBb- kyReX /QB, RyXRy9NfS">1yyR1n+?jX
(jk) SX *?M/` 2i HX- ǳlHi`b2MbBiBp2 /2i2+iBQM Q7 /`m; `2bBbiMi +M+2` +2HHb BM #BQHQ;B@
+H Ki`Bt2b mbBM; M KT2`QK2i`B+ MMQ#BQb2MbQ`Ǵ- "BQb2MbQ`b M/ "BQ2H2+i`QMB+b-
pQHX dy- TTX 9R3Ĝ9k8- kyR8- BbbM, R3dj9kj8X /QB, RyXRyRefDX#BQbXkyR8XyjXyeNX
(jj) EX J?iQ 2i HX- ǳST2` #b2/ /B;MQbiB+b 7Q` T2`bQMHBx2/ ?2Hi? +`2, 1K2`;@
BM; i2+?MQHQ;B2b M/ +QKK2`+BH bT2+ibǴ- "BQb2MbQ`b M/ "BQ2H2+i`QMB+b- pQHX Ne-
MQX T`BH- TTX k9eĜk8N- kyRd- BbbM, R3dj9kj8X /QB, RyXRyRefDX#BQbXkyRdXy8XyyRX
(j9) LX CX _QMFBM2M 2i HX- ǳ1H2+i`Q+?2KB+H #BQb2MbQ`bǴ- *?2KB+H aQ+B2iv _2pB2rb-
pQHX jN- MQX 8- TX Rd9d- kyRy- BbbM, yjye@yyRkX /QB, RyXRyjNf#dR999NFX
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(j8) _X EQM+FB- ǳ_2+2Mi /2p2HQTK2Mib BM TQi2MiBQK2i`B+ #BQb2MbQ`b 7Q` #BQK2/B+H MH@
vbBbǴ- pQHX 8NN- TTX dĜR8- kyydX /QB, RyXRyRefDX+XkyydXy3XyyjX
(je) EX AMQm2 2i HX- ǳ +QKT2iBiBp2 BKKmMQ+?`QKiQ;`T?B+ bbv 7Q` i2biQbi2`QM2
#b2/ QM 2H2+i`Q+?2KB+H /2i2+iBQMǴ- hHMi- pQHX dj- MQX 8- TTX 33eĜ3Nk- kyyd-
BbbM, yyjNNR9yX /QB, RyXRyRefDXiHMiXkyydXy8Xyy3X
(jd) EX hHH2v M/ X 1KBH- ǳPM i?2 T>@QTiBKmK Q7 +iBpBiv M/ bi#BHBiv Q7 T`Qi2BMbǴ-
S`Qi2BMb- pQHX d3- MQX Rk- TTX keNNĜkdye- kyRRX /QB, RyXRyykfT`QiXkkd3eXPMX
(j3) uX w?M; 2i HX- ǳ6#`B+iBQM Q7 M BMi2`72`QM@;KK@#b2/ AhP /2i2+iQ` 7Q` Hi2Mi
im#2`+mHQbBb /B;MQbBb rBi? ?B;? bi#BHBiv M/ HQr2` +QbiǴ- CQm`MH Q7 aQHB/ aii2
1H2+i`Q+?2KBbi`v- pQHX RN- MQX Ry- TTX jRRRĜjRRN- kyR8- BbbM, R9jk3933X /QB, RyX
RyydfbRyyy3@yR8@kNje@kX
(jN) uX w?M; 2i HX- ǳ1H2+i`Q+?2KB+H BKKmMQb2MbQ` 7Q` BMi2`72`QM@γ #b2/ QM /BbTQb#H2
AhP /2i2+iQ` M/ >_S@MiB#Q/v@+QMDm;i2/ MMQ ;QH/ b bB;MH i;Ǵ- Ji2`BHb
a+B2M+2 M/ 1M;BM22`BM; *- pQHX 8N- TTX 8ddĜ839- kyRe- BbbM, yNk39NjRX /QB, RyX
RyRefDXKb2+XkyR8XRyXyeeX
(9y) JX 62i?B 2i HX- ǳ.2i2+iBQM Q7 1ah@e #v  H#2H 7`22 KBMBim`2 BKKmMQ@2H2+i`Q+?2KB+H
#BQb2MbQ` b  /B;MQbiB+ iQQH 7Q` im#2`+mHQbBbǴ- pQHX d9- TTX 9e8Ĝ9dy- kyRdX /QB,
RyXRyRefDXKb2+XkyReXRkXy8RX
(9R) aX 1Bbb 2i HX- ǳ1H2+i`Q+?2KB+H BKKmMQb2MbQ`b 7Q` i?2 /2i2+iBQM Q7 bm`pBpH KQiQ`
M2m`QM UaJLV T`Qi2BM mbBM; /Bz2`2Mi +`#QM MMQKi2`BHb@KQ/B}2/ 2H2+i`Q/2bǴ-
"BQb2MbQ`b M/ "BQ2H2+i`QMB+b- pQHX RyR- MQX P+iQ#2` kyRd- TTX k3kĜk3N- kyR3- BbbM,
R3dj9kj8X /QB, RyXRyRefDX#BQbXkyRdXRyXyR8X
(9k) "X JH?Qi` M/ JX HB- LMQKi2`BHb 7Q` "BQb2MbQ`b, 6mM/K2MiHb M/ TTHB+@
iBQMb- b2`X JB+`Q M/ LMQ h2+?MQHQ;B2bX 1Hb2pB2` a+B2M+2- kyRd- Bb#M, Nd3yRk3Rj8R8yX
(9j) _X GX J+*`22`v- ǳ/pM+2/ +`#QM 2H2+i`Q/2 Ki2`BHb 7Q` KQH2+mH` 2H2+i`Q+?2K@
Bbi`vǴ- *?2KB+H _2pB2rb- pQHX Ry3- MQX d- TTX ke9eĜke3d- kyy3- BbbM, yyyNkee8X /QB,
RyXRykRf+`ye3ydeKX
(99) _X SQHbFv 2i HX- ǳ.BxQMBmK@7mM+iBQMHBx2/ ?Q`b2`/Bb? T2`QtB/b2 BKKQ#BHBx2/ pB
//`2bb#H2 2H2+i`Q/2TQbBiBQM, .B`2+i 2H2+i`QM i`Mb72` M/ 2H2+i`Q+?2KB+H /2i2+@
iBQMǴ- GM;KmB`- pQHX kj- MQX k- TTX je9Ĝjee- kyyd- BbbM, yd9jd9ejX /QB, RyXRykRf
HyekNReX
(98) *X "Qm`/BHHQM 2i HX- ǳAKKQ#BHBxiBQM Q7 ;Hm+Qb2 QtB/b2 QM  +`#QM bm`7+2 /2`Bp@
iBx2/ #v 2H2+i`Q+?2KB+H `2/m+iBQM Q7 /BxQMBmK bHibǴ- CQm`MH Q7 1H2+i`QMHviB+H
*?2KBbi`v- pQHX jje- MQX R@k- TTX RRjĜRkj- RNNk- BbbM, yykkydk3X /QB, RyXRyRefyykk@
ydk3UNkV3ykee@dX
(9e) .X "ûHM;2` M/ CX SBMbQM- ǳ1H2+i`Q;`7iBM;,  TQr2`7mH K2i?Q/ 7Q` bm`7+2 KQ/B@
}+iBQMǴ- *?2KB+H aQ+B2iv _2pB2rb- pQHX 9y- MQX d- TX jNN8- kyRR- BbbM, yjye@yyRkX
/QB, RyXRyjNf+y+byyR9NDX
(9d) CX SBMbQM M/ 6X SQ/pQ`B+- ǳii+?K2Mi Q7 Q`;MB+ Hv2`b iQ +QM/m+iBp2 Q` b2KB@
+QM/m+iBp2 bm`7+2b #v `2/m+iBQM Q7 /BxQMBmK bHibǴ- *?2KB+H aQ+B2iv _2pB2rb-
pQHX j9- MQX 8- TX 9kN- kyy8- BbbM, yjye@yyRkX /QB, RyXRyjNf#9yekk3FX
(93) JX JX *?2?BKB- `vH .BxQMBmK aHib- JX JX *?2?BKB- 1/X 6`M+2, qBH2v@o*>-
kyRk- TTX jkjĜjj8- Bb#M, Nd3j8kde8y99eX /QB, RyXRyykfNd3j8kde8y99eXBM/2tX
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(9N) "X SX *Q`;B2` 2i HX- ǳ.BxQMBmK@T`Qi2BM //m+ib 7Q` ;`T?Bi2 2H2+i`Q/2 KB+`Q`@
`vb KQ/B}+iBQM, .B`2+i M/ //`2bb2/ 2H2+i`Q+?2KB+H BKKQ#BHBxiBQMǴ- CQm`MH
Q7 i?2 K2`B+M *?2KB+H aQ+B2iv- pQHX Rkd- MQX 8R- TTX R3 jk3ĜR3 jjk- kyy8- BbbM,
yyykd3ejX /QB, RyXRykRfDy8eN9erX
(8y) *X JX X "`2ii- 1H2+i`Q+?2KBbi`v , T`BM+BTH2b- K2i?Q/b- M/ TTHB+iBQMb- 2M;- b2`X Pt@
7Q`/ b+B2M+2 Tm#HB+iBQMbX Pt7Q`/, Pt7Q`/ lMBp2`bBiv S`2bb- RNNj- Bb#M, yRN388j33NX
(8R) SX X "`QQFb#v M/ X CX .QrM`/- ǳ1H2+i`Q+?2KB+H M/ iQKB+ 7Q`+2 KB+`Qb+QTv
bim/v Q7 +`#QM bm`7+2 KQ/B}+iBQM pB /BxQMBmK `2/m+iBQM BM [m2Qmb M/ +2@
iQMBi`BH2 bQHmiBQMbǴ- GM;KmB`- pQHX ky- MQX Rk- TTX 8yj3Ĝ8y98- kyy9- BbbM, yd9jd9ejX
/QB, RyXRykRfHy9NeReBX
(8k) 6X M`B# 2i HX- ǳJQMQ@M/ KmHiBHv2` 7Q`KiBQM #v /BxQMBmK `2/m+iBQM QM
+`#QM bm`7+2b KQMBiQ`2/ rBi? iQKB+ 7Q`+2 KB+`Qb+QTv Ǵb+`i+?BM;ǴǴ- MHviB@
+H *?2KBbi`v- pQHX d8- MQX R8- TTX j3jdĜj399- kyyj- BbbM, yyyjkdyyX /QB, RyXRykRf
+yj9ykepX
(8j) SX CX 1bi2`#`QQF 2i HX- ǳ>B;? _i2b Q7 *Hmbi2`BM; Q7 ai`BMb *mbBM; hm#2`+mHQbBb
BM >``2 - wBK##r2 ,  JQH2+mH` 1TB/2KBQHQ;B+H aim/v >B;? _i2b Q7 *Hmbi2`BM;
Q7 ai`BMb *mbBM; hm#2`+mHQbBb BM >``2 - wBK##r2 ,  JQH2+mH` 1TB/2KBQHQ;B+H
aim/vǴ- CQm`MH Q7 *HBMB+H JB+`Q#BQHQ;v- pQHX 9k- MQX Ry- TTX 98jeĜ9899- kyy9X /QB,
RyXRRk3fC*JX9kXRyX98jeX
(89) AX q2`;2HM/ 2i HX- ǳ*viQFBM2 Tii2`Mb BM im#2`+mHQbBb BM72+iBQMc AG@R`- AG@k M/
AS@Ry /Bz2`2MiBi2 #Q`/2`HBM2 ZmMiB61_PL@h" bKTH2b 7`QK mMBM72+i2/ +QMi`QHbǴ-
SGQa PL1- pQHX RR- MQX N- TTX RĜRk- kyRe- BbbM, RNjkekyjX /QB, RyXRjdRfDQm`MHX
TQM2XyRej393X
(88) LX LX *?2;Qm 2i HX- ǳ"2vQM/ i?2 A6L@γ ?Q`BxQM, "BQK`F2`b 7Q` BKKmMQ/B;MQbBb Q7
BM72+iBQM rBi? Jv+Q#+i2`BmK im#2`+mHQbBbǴ- 1m`QT2M _2bTB`iQ`v CQm`MH- pQHX 9j-
MQX 8- TTX R9dkĜR93e- kyR9- BbbM, RjNNjyyjX /QB, RyXRR3jfyNyjRNjeXyyR8R9RjX
(8e) GX _X 6X HH2M CX "`/- 1H2+i`Q+?2KB+H J2i?Q/b, 6mM/K2MiHb M/ TTHB+iBQMb-
kM/ 2/X qBH2v- kyyy- Bb#M, y9dRy9jdkN-Nd3y9dRy9jdkyX
(8d) EX CX _QmMi`22 2i HX- ǳ S`+iB+H "2;BMM2` Ƕ b :mB/2 iQ *v+HB+ oQHiKK2i`vǴ-
kyRdX /QB, RyXRykRf+bXD+?2K2/Xd#yyjeRX
(83) :K`v AMbi`mK2Mib- AMi2`7+2 RyRy- q`KBMbi2`- la- kyR3X
(8N) SHKa2Mb- SHKa2Mb9- >Qmi2M- h?2 L2i?2`HM/b- kyR3X
(ey) J2i`Q?K- J2i`Q?K miQH#- li`2+?i- h?2 L2i?2`HM/b- kyR3X
(eR) .`QTa2Mb- .`QTaii- bim`Bb- aTBM- kyR3X
(ek) .`QTb2Mb- maii kyy "BTQi2MiBQbii- bim`Bb- aTBM- kyR3X
(ej) :K`v- SQi2MiBQbii 7mM/K2MiHb- kyR3X
(e9) X X _Qr2 2i HX- ǳSQi2MiBQbii 7Q` MHviB+H M/ 1/m+iBQMH TTHB+iBQMbǴ-
pQHX e- MQX N- kyRRX /QB, RyXRjdRfDQm`MHXTQM2Xyykjd3jX
(e8) SX "2xmB/2M?Qmi 2i HX- ǳh?2 +?`+i2`BbiBQM M/ /2bB;M BKT`Qp2K2Mi Q7  TT2`@
#b2/ 1X+QHB BKT2/BK2i`B+ b2MbQ`Ǵ- pQHX Ryyje- TX RyyjeyG- kyRd- BbbM, RNNed8esX
/QB, RyXRRRdfRkXkk98d89X
(ee) h2tb AMbi`mK2Mib- ǳGJSNRyyy a2MbQ` 61 avbi2K , *QM};m`#H2 61 SQi2MiBQ@
bii 7Q` GQr@SQr2` *?2KB+HǴ- kyR9X
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(ed) *X@vX >mM;- ǳ.2bB;M Q7  SQ`i#H2 SQi2MiBQbii rBi? .mH@KB+`QT`Q+2bbQ`b 7Q` 1H2+@
i`Q+?2KB+H "BQb2MbQ`bǴ- pQHX j- MQX e- TTX R8NĜRe9- kyR8X /QB, RyXRjR3NfmD222X
kyR8XyjyeyRX
(e3) X BMH 2i HX- ǳPT2M@aQm`+2 SQi2MiBQbii 7Q` qB`2H2bb 1H2+i`Q+?2KB+H .2i2+iBQM
rBi? aK`iT?QM2bǴ- kyR3X /QB, RyXRykRf+bXMH+?2KX3#yy38yX
(eN) .`QTa2Mb- a+`22M@T`BMi2/ 2H2+i`Q/2b- kyR3X
(dy) qX wQM; 2i HX- ǳ*v+HB+ pQHiKK2i`v ,  M2r bi`i2;v 7Q` i?2 2pHmiBQM Q7 QtB/iBp2
/K;2 iQ #QpBM2 BMbmHBMǴ- pQHX RN- TTX kejĜke3- kyRyX /QB, RyXRyykfT`QXjRjX
(dR) SX X _Q+F M/ SX X _Q+F- ǳh?2 aiM/`/ PtB/iBQM SQi2MiBH Q7 i?2 62``Q+vMB/2@
62``B+vMB/2 1H2+i`Q/2 k8 ê M/ i?2 1Mi`QTv Q7 62``Q+vMB/2 AQMǴ- pQHX N98- MQX R-
TTX 8deĜ83y- RNe8X /QB, RyXRykRfDRyy3d9y9kX
(dk) X J2bM;2- ǳ.BxQMBmK bHib BM/m+2/ M+?Q`BM; T`Q+2bb , K2+?MBbK - TTHB+@
iBQMbǴ- kyRRX
(dj) JX .2HK` 2i HX- ǳ*QpH2Mi JQ/B}+iBQM Q7 *`#QM am`7+2b #v :`7iBM; Q7 6mM+@
iBQMHBx2/ `vH _/B+Hb S`Q/m+2/ 7`QK 1H2+i`Q+?2KB+H _2/m+iBQM Q7 .BxQMBmK
aHibǴ- CQm`MH Q7 K2`B+M +?2KB+H bQ+B2iv- MQX Rk- TTX 833jĜ8339- RNNkX /QB,
RyXRykRfDyyy9yyd9X
(d9) "X "X .mM7Q`/ M/ >X >bBMQz- ǳEBM2iB+b Q7 i?2 PtB/iBQM Q7 62``Q+vMB/2 #v
>Q`b2`/Bb? S2`QtB/b2Ǵ- "BQ+?2KBbi`v- pQHX N- MQX k- TTX 9NjyĜ9NjN- RNdyX /QB,
RyXRykRf#Byy3kdyR8X
(d8) EX QFB 2i HX- ǳ_2p2`bB#H2 b[m`2@rp2 pQHiKKQ;`Kb BM/2T2M/2M+2 Q7 2H2+i`Q/2
;2QK2i`vǴ- 1H2+i`QMHviB+H *?2KBbi`v- TTX k8ĜjN- RN3eX
(de) _mbi@QH2mK M2p2`r2i HB[mB/ `2T2HHBM; i`2iK2MiX
(dd) *HQm/@*HQM2- _2+QK#BMMi BMi2`72`QM ;KK UB7M;V- kyR3X
(d3) h?2`KQ6Bb?2`- pB/BM@#BQiBM BMi2`+iBQM- kyR3X
(dN) X *X J2?Hv- ǳJ2bm`2K2Mi Q7 1MxvK2 Sm`Biv #v aT2+i`QT?QiQK2i`vXǴ- pQHX jjd-
TTX 3yRĜ3Rj- RN8yX
(3y) LX LX *?2;Qm 2i HX- ǳ.B;MQbiB+ T2`7Q`KM+2 Q7  b2p2M@K`F2` b2`mK T`Qi2BM
#BQbB;Mim`2 7Q` i?2 /B;MQbBb Q7 +iBp2 h" /Bb2b2 BM 7`B+M T`BK`v ?2Hi?+`2
+HBMB+ ii2M/22b rBi? bB;Mb M/ bvKTiQKb bm;;2biBp2 Q7 h"Ǵ- h?Q`t- pQHX dR- MQX N-
TTX d38ĜdN9- kyRe- BbbM, R9e3jkNeX /QB, RyXRRjefi?Q`tDMH@kyR8@kydNNNX
(3R) sX qm 2i HX- ǳ_2+QK#BMMi 2`Hv b2+`2i2/ MiB;2M i`;2i e T`Qi2BM b  bFBM i2bi
MiB;2M 7Q` i?2 bT2+B}+ /2i2+iBQM Q7 Jv+Q#+i2`BmK im#2`+mHQbBb BM72+iBQMǴ- TTX 3RĜ
3d- kyy3X /QB, RyXRRRRfDXRje8@kk9NXkyy3Xyjey8XtX
(3k) :X "ii;HB 2i HX- ǳ1tT`2bbBQM Q7 i?2 aJL ;2M2 - i?2 bTBMH Kmb+mH` i`QT?v /2@
i2`KBMBM; ;2M2 - BM i?2 KKKHBM +2Mi`H M2`pQmb bvbi2KǴ- pQHX e- MQX RR- TTX RNeRĜ
RNdR- RNNdX
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